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Foreword and Acknowledgmeift« 

V « ^ 

B eginning in 1950 the N&tional Association for Kesearch in 
Science Teaching and the U. S. Office of Fxlucation collaborated 
in preparing an annual summary of reoearch in the teaching'^of science. 
The present bulletin, summarizing and analyzing research done from 
July 1955 to July 1956, continues their cooperative effort 
Throughout the years since 1950 tlie publication resulting from 
this joint effort has received favorable, comment and has become an 
established document in the research literature of general education 
as well as science education. It is hoped that the organization of 
the present bulletin— around the three traditional school levels of 
elementary, seccmdary, and college education — will enhance its 
u^fulness. 

On the three levol^ tlie committees were jnade up as shown below : 
EUtmmt^ry.-^lAXYitm. Hethershaw Darnell (Chairman), Drake 
University; Cliarles K. Arey, University of Alabama; J. Myron At- 
km. University of Illinois; Clyde Brown, Southern Illinois Univer- 
sity; Charles E. Burleson, Sai^ Francisco State College; Robert H. 
Cooper, Ball State Teachers College; Julian Greenlee, Florida SUte- 
University ; Willard Jacobson, Columbia University ; J sequel ine-Buck 
Mallinson, Western Michigan College; Ida Beth Schultz, SUte Teach- 
ers College (Lock Haven, Pa.) ; Honor A. Webb, George Peabody 
College for Tefu^hers. 

Secondary.— T. I^vis (Chairman), University of Maine; ' 
Hubert F. Evans (Vice Chairman), Columbia University ; Stanley B. 
Bro\^, University of California; Paul DeH. Hurd, Stanford Uni- 
versity; Greta Oppe, Galveston (Tex.) Public Schools; Samuel 
Schanberg, New York City Public Schools. 

Edward Weaver (Chairman), Atlanta University; Mer- 
vin Oakes (Vice Chairman )^Queen8 pollege of the City of New 
York; Robert A. BuUington, Northern Illinois University; Guybert 
P. Gaboon, The Ohio State University; Donald G. Decker, Colorado 
State College of Education; H. Clark Hubler, Wheeltick CoUege; 
John C. Mayfield, University of Chicago; Abraham Raskin, Hunter 
College of the City of New York; George B. Salmons, Plymouth 
Teachers College; M.’C. Shayrver, Madison College. 

J. Dak 'Huix, Director , E. Gixkk P'bathksstoK) 

InatrwUdn, OrganuaHon, AseistarU Commisaioner, 

and Se^^^ branch, . State and Local School Syatema. 
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Introduction 


HIS ANALYSIS of research in the teaching of science contains 


reports of published studies resulting from a meticulou s se arch 
of the pamphlet and periodical literature in the field between July 
1955 and July 1956. It also contains reports of unpubfished studies 
coming from the returns to an inquiry ^^t mailed annually by the 
n. S. Office of Education to more than 1,200 institutions where grad- 
uate work in science teaching is in progress. 

The studies- reported here have been carefully evaluated and se- 
lected through applying a set of criteria formulated^by the National 
Association for Research in Science Teaching. The work was carried 
on by thrm comniittees, one for each school level : elementary, second- 
ary, and college. Thus, about 40 persons have participate in and 
contributed to this undertaking. 

The report has the merit which derives from a cooperative project 
in which a large number of people participate. It also reflects the 
limitations of such a venture inasmuch as it permits a rather wide 
latitude for exercising individual judgments. The committM chair- 
men in submitting this report are fully aware of all the weaknesses 
and limitations inherent in the procedures used. 

The three committees review^ all the issues between July 1955 and 
July 1956 of about 50 monthly magazines which, from time to time, 
carried research in science teaching. The work was limited by the 
fad that, in both the published and the unpublished studies the 
committees, for the most part, were working with secondaiy sources,, 
such as abstrads and articles, and not with the original documents. 
The chairmen of the three committees and the general chairman 
accept full responsibility for errors of categorizing and of interpreta- 
tion in applying the criteria. Studies eliminated in the evaluation 
process may have been poorly represented by the abstract or by the 
article reviewed. 
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In the preparation of thia report the research for the past decade 
has also been reviewed in an attempt to discern any trends or patterns. 
Although some studies of this period have landmaiic un. 

fortunately the number is smalL ~ 


At this time now, when science and technology are playing a very 
important part in our life and culture, much of the research in 
science education lacks a broad and comprehenave plan. A con* 
dderable amount is unpattemed, makes but a fragmentary contribu- 
tion to the basic concerns, and tends to d^ with peripheral fringes 
of the major ^problen^ Nevertheless, there is some evidence of 
progress towards a more patterned research program. 

Dooming, and later Curtis, employed a team approach to iden- 
tification of the basic science principles. Curtis also us^ this pro- 
cedure in his res^rch on science vocabularies. Powers^ ovw a number 
of years, made significimt contributions to science teaching in the area 
of basic science concepts and their social implications. Pieper, and 
later Barnard, have used a basic team attack on problem solving. 
Mallinson has also used a plan of patterned team research in the study 
of the New York Regents Examinations in Science. Perhaps this 
proc^ure offers some promise for the future as a technique to be 
applied in an attack on broad and basic problems of science teaching. 
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Section I* An Examination of the j^esearch in Science 
Teaching 


R ESEAKCH FINDIN^GS are basic to the improvement of teach- 
ing in all are^ of the school curriculum. 'The need for research 
in science teaching is particularly great at this time of so much concern 
over its special problems and of so many programs improve one or 
more of its segments. . J 

This section of the present bnnetin summarizes and analyzes the 
research in science teaching reported for July 1955-July 196ff on the 
three traditional levels of education— elementary, secondary, and 
college. Each study discussed is lettered and number^ in parentheses. 
The letter indicates the particular subsection in Section in (Bibliog- 
raphies) of the bulletin where the study itself is identified, listed 
alphabetically by author, and numbered. For example “ (E 6) ** refers 
to item 6 in the bibliography for the elemebtary level. In ^e same 
way “(S 4)” and “(C S)** refer to items 4 and 8 in the bibliographies 
for the secondary and college levels, respectively. 

. ' 

Elementary School Levd 


Nineteen studies at the elementary school level are included in this 
bulletin, 4'slight increase over the number included in the last previous 
survey. Of these 10, 7 aro related to the curriculum, 9 to learning, and 
3 to tmcher training. 


ERIC 


Studiei Belated to the Ourriovilum 

Some research has been done to determine at what age or grade 
certahi soientifio prindplee idiould be presented to ohildimi and at 
what age Or grade the highest level of ihiderstanding takes place. 

A study in this area has been completed by Lowheed (E 7)/ He 
determined the modal age levd,^ lor grades 4 and .6, of the dUMty 
of the boienoe^^iio^^ rSpid Ms -vlbratioite of Ms tmad^ 
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xng body^ the higher is the pitch of the sound it produces'^ Twelve 
classes in 7 schools, comprising 379 students ^^om Grades 4 and 6, were 
psed in this study. A pre-test was given on the principle. Half the ' 
^students from each grade made up an experimental group and were 
taught the principle by means of a lecture-demonstration about 20 
. minutes in length. Bo(h control and experimental groups were re- 
tested by 30 objective qu^ions. The results were analyzed, to deter- 
mine the amount of lenming at the 2 grade levels. 

Major results -were the following : (1) Students in the experim^tal 
groups of both grades made marked gains in learning after experi- 
encing the demonstrations, as compared with students in the control 
groups, who made slight gains. (2) The principle (as demonstrated 
and tested) is too difficult for the 4th-grade level, which showed J7- 
|)ercent mastery. (3) The principle might be learned by the 6th- 
grade level, which showed 48-percent mastery — ^but no safe prediction 
could be made since this is below 50-percent mastery. 

F urther sampling should be taken at grades 5 and 7, or 6 and 8. 

Murray (J) 11) studied “the principles of physical and biological 
• sciences found In five textbooks of geography <or grade 8.” He set 
out to find the scientific principles mentioned in tbe>average 8th-grade 
text and to sm what areas of correlation exist between science and 
geography, leonelli’s list of 186 science principles was checked 
against selected geography texts. Thirty-eight principles appeared 
in each of the books. The conclusion reached Was that there are enough 
principles common to both geography and science at the 8th-grade 
level to constitute a core upon "which to build workable and efficient 
units covering both* geography and science. 

Schultz (E 16) used an area of environment for subject-matter learn- 
ings to help the child understand his relation to his environment, 
“a way of developing children’s understanding of ecology.” The 
problem consisted of finding ways to help children and teachers develop 
greater awareness and appreciation of the dynamics of ecology and to 
demonstrate that ecological principles are inherent in the democratic 
process and the nhture of the learning process. 

A study of a water-hyacinth community was developed with children 
in a second grade and a si^h grade. Suggested ways of working 
with children for the deyelopment of ecological concepts Were used 
together with resource materials to guide their study of a water- 
hyacinth community. 

No conclusions were sought or expected, but way was left open for 
testing the process and material. The study indicates how to develop 
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worthwhile subject matter in such a yf^ ^ to promote growing under- 
standing of plan’s relation to his environment and also a growing 
understanding of interdependence and interaction of physical and, 
biotic components of the universe that can have both esthetic and 
practical survival value. 

Suitable and appropriate science content in bodi text and reference 
books to serve the needs of children in the elementary schools is one 
of the essentials for a satisfactory science curriculum. 

Knight (E 6) made a study of supplementary science books, “a 
selected annotated science bibliography of elementary reading for 
grades 1, 2, and 8.” A comprehensive survey of educational literature 
pertaining to teaching sciei^ in the primary grades gave information 
as to the broad areas of science from which suitable topics were se- 
lected, and also criteria for the selection of supplementary science 
books. Annotations were prepared for 190 books (science readers’) 
selected on a basis of timeliness, scientific significance, style, illus- 
trations, and typography. Most of the books were pnbli^ed after 
1960. \ 

This bibliography should help primary teachers select supplemen- 
tary readers and also help librarians select their books. 

Eriksen (E 4)^ade a study in the area of conservation, *^a study 
of oonservaticin activities in the outdoor education programs in Cali- 
fornia.” Tbe ol^ective wm to provide a broad picture of the conserva- 
tion activities incorporated in programs of optdoor education in Cali- 
fornia. Some of the findings indicated that; (1) In most programs 
including donservation, the activities tended to be too remote from 
children’s immediate experiences. (2) “Camper surveys of resources 
and needs of camp site should receive greater attention and become 
basic for planning specific projects.” (8), Activities can be developed 
with an ecological and therefore a conservation approach. 

^ • 

• Smith’s (E 17) comparative study “of the nature programs in 
Agency girl’s camps” was an investigation of the natufe programs and 
the philosophies behind them in certain summer camps for girls. It 
was applrent that the directora definitely desired to make nature lore 
the core of their respective programs. Weaknesses and strengths in 
various programs were identified and recommendations were made to 
camp directors concerning certain items for consideration in prog^ram 
iinprovement. There is a need for improved leader^p and improved 
nature programs in the Agency camps in this area of Califbi^a. ^ 

' . ’ our 
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Vincent’s (E 19) study “of the science program and its improve^ 
ment in the white Elementary schools of Ojlquitt (!jounty, Georgia^ 
was an'attempt to determine present practices and ways of improve- 
ment during the school year 1965-66, Characteristics of a good 
elementary science program were determined from a review of cur- 
rent research and literature. Criteria for analysis were established. 

The study of actual programs indicated a need for better applica- 
tion of present knowledge of child development and the learning 
procesa Recommendations concerned equipment, better use of the 
immediate environment^ more direct experiences and lees dependence 
on textbooks, increase and improvement of inservice teacher educa- 
tion, and more attention to the physical sciences. Although the defi- 
nitions and findings are neither new nor surprising, they constitute a 
useful summary of current thought on the subject. 

Studies Related to LearTiing 


^e of the more important edueational problems today, as well 
as in the past, is concerned with the conditions under which optimum 
learning takes place for each pupil and with different aids to learning. 
Most science educators agree that science textbooks are important 
factors in the learning process. Mallinson, Sturm, and Mallinson 
(E 9) conducted a study to determine “the reading dj&ulty of the 
unit-type textbtwks for elementary science.” The fiSkm was to 
Malyze a sampling of the unit-type textbooks in order to determine 
their levels of reading difficulty. The method employed was to re- 
quest from the publishers of unit-type textbooks, a sampling of the 
publications they believed to be among the beet in. their listings for 
UM at fourth-, fifth- and sixth-g^e levels and then to apply the 
Flesch » formula in determining the levels of reading difficulty of 
textbooks received, 

The Rndinp and conclusions were: (1) If teachers have foi^d 
elementary science textbooks generally too difficult, they are not likely 
to find the unit-type textbook much better if they use them at grade 
levels siiggested by the publishers. (2) The textbooks may be used, 
insofar ^ reading difficulty is concemei^ at higher grade levels. (8) 
It is easier to shift pamphlet-type materials to suit reading abilities 
than it is to shift conventional textbooks (4) Unit-type tektbooks 
are less likely to show integration than are the conventional-type. 


Atkins’ (E 1) study concerns “an analysis of the developmoit of 

elementaiy school children in certain selected aspects of problem- 
solving abUity.” . ’ ^ ^ proomm 


giewfc. ■■M a i , n«aitiCVtaiBWk. 
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Tape recording^ were taken at three grade levels: 1, 8, and 6. The 
children expressed hypotheses of their own after a science-learning 
experience. Responses were grouped into categories, and statistical 
tests were applied. 

The important findings were : (1) Children in the loweiygrades rely 
more on their own experiences in formulating hypothesea (2) Those 
in the upper elementary grades depend more on authority. (8) Chil- 
dren in the lower grades suggest more tests for their hypotheses 
than do children in the upper grades. (4) Children in “permissive” 
classrooms tend to suggest more hypotheses than children in leas 
“permissive” classrooms. 


Bimoldi (E 14) carried out a study to “find a technique for the study 
of problem solving.” A testing technique was developed to analyze 
the process of thinking rather than its end product .The experi- 
mental tests concerned medical students and were administered to 
medical students. The examinee was -requested to solve a certain 
problem by asking questions which he judged would give him informa- 
tion necessary to solve the problem. Questions which examinees might 
wish to ask were written on cards. Answers to the questions were on 
the back of the cards. Other questions, not pertinent to the problem, 
were also included. The cards were placed in slots on a board and thus 
presented to (he examinee in a way which permitted him to the 
questions. 

The examinees were instructed to select questions which seemed 
to lead most directly to a solution of the problem. The test was 
over when the examinee reached a solution or did not wish to ask 
moreqhestiona 

When scored, the test revealed the following significant findings : 
(1) What is the most acceptable sequence of questions? (2) Is the 
number of questions asked by the examinee a suitable criterion for 
judging his skill in problon solving? (8) Does the least number of 
questions always represent the most direct route or the best route 
tothesdlution? 


The implication for science educators is that with increased em- 
phasis on the teaching of problem solving, this technique could be 
adapted to evaluation of pu^ progress in problem-solving' ability 
in science at any levd. 


Martin (E 10) oalried on an experiment to discover the relation 
'of “community resourcsB and the qse of the tape recorder.” Theprdb- 
lem was to find ways to bring resources into ^e classrooms when it is 
impossible to take field trips or get ^leakers. Information was 
seemed faj teacher-pupil interview and teacher-pupil followup. 


► M 
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The following concloBions were drawn from the experiment ; The 
tape recorder is a satisfactory and Buoceesful teaching aid for ^e ele- 
mentary grades, affording opportunity for pupil-teacher planning 
and for a great deal of pupil participation. Useful as a tool to 
familiariw the pupH with his environment, it helps to promote good 
public relations between school and community. 

The study gives a detailed description of a method for teaching 
the value of community resources. 

Another study to find improved methods of teaching science in the 
elementary school was carried out by Stefaniak (E 18) “in a study 
of the effectiveness of two methods of teaching science in grades 4, 
5, and 6.” This was an attempt to determine whether teachers taught 
by the lecture-demonstration method did a more effective job of 
teaching than those teachers exposed to individual laboratory method. 

The investigator established experimental and control groups (in- 
service teachers, grades 4, 5, and 6) and centered instruction around 
a selected list of '40 principles of science. 

^pils of each group were pretested and po^tested to determine 
gains or losses in interest, attitudes, and science subject matter. 

Results seem to favor the teaching of those instructed by the indi- 
vidual laboratory method, but the differences do not seem marked. 
The study revealed that pupils scored higher on the attitudes post- 
test than the attitudes pretest although no specific effort was made to 
teach for attitudes. 

Butcher’s (E 2) study concerns “an experimental comparison of 
the umt and traditional methods of teaching science in the 6th grade.” 

The purpose of the study was to determine whether children taught 
by the unit method attain greater achievement in language, social 
studies, and general study skills than those taught by the traditional 
method. 

Two comparable groups selected from 42 children were established. 
The children were tested in September to establish bases for determin- 
ing growth. Tests used at this time and again in May were the 
Stanford Achievement, the California Science, the Otis Quick Scor- 
ing Mental Ability Tests, and tests constructed by the teachers. 

The findings were as follows: (1) Children taught the unit 
meUiod made more gain in each area than those taught by the tra- 
ditional method. (2) The unit method in science results in a more 
thorough knowledge of the basic facta, in a greater improvement in all 
areas of the curriculum, and it is superior to the traditional method 
in the development of study habits. 
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In Ross’ (E 16) study, ‘^science for the returded,” objectives and 
philosophies of education for retarded children were set up using' 
science as a medium. The conclusions based on observations and in- 
terviews with other teachers were the following : ( 1 ) In many respects 
education for retarded children is based on the same philosophy and 
lias the same objectives as education for normal children. (2) The 
same basic laws of learning hold. (8) Science experiences help them 
to be better prepared for life. (4) Science has vocational and avoca- 
tional implications. (6) The children’^ present tmderstandings are 
|X)ints of departure for new learning experiences. ^ 

Onstead’s (E 13) study ‘Science for the retarded children in ele- 
mentary schools” was an attempt to find effective ways to teach science 
to the mentally retarded. Selected research and other materials were 
analyzed and evaluated. Resource units were organize in which 
science material was adapted to the requirementS/of the mentally 
' retarded. These included unit^ on animals, plants, solar systetn and 
stars, surface of the earth, air and weather, forms of energy, and 
machines. Some of tiie conclusions reached were: (1) Experiences 
should help these children develop habits of more careful observation. 
(2) Experiences should be made objective by using concrete materials. 
(8) Activitiee should be related to everyday experiences of the 
children. 

nfcj 

O’Day’s (E 12) study concerned integrating 5th-grade science 
and certain club activities. It was an attempt to find out whether 
there could be integration of the work of a club (nature of club un- 
specified) with a workable science program in the 5th grade. Six 
units of work were developed based on the publications. Adventures m 
Scisnoe With Jack ar9t JiU, The study shows that whenever teachers 
put their minds and efforts to making science meaningful to children, 
benefits such as desirable attitudes, increased science knowledge, more 
sustained interests^ and positive integration may result. 


Studies Related to Teacher Training'^ 


What type of college preparation do prospective teachers of ele- 
mentary science need in order to teadi science effectively in the ele- 
mentary grades! Mallinson and Sturm (E 8) made a study to find ^ 
the “science backgrounds and competencies of students preparing to 
teach in the elementary schools.” 

The purposes of the investigation were : (1) To determine the back- 
ground and knowledge of the subject matter of science possessed by 
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elementary student teachers who were complying their training in 
the schools where the investigators wei;p employed. (2) To determine 
their attitudes and opinions concerning certain aspects of their prepa- 
ration for teaching science. (8) To compare subject-matter compe- 
tence in science with that of certain ^ups of high school pupils. 

Tile followij^g methods and techniques were used: (1) a question- 
naire to determine (a) extent of training in science subject matter that 
elementary student teachers possess, (b) attitudes of elementary stu- 
dent teachers toward the various fields of science, (c) attitudes 
toward survey science courses at the college level, (d) estimates of 
their own coniiietence to teach elemenUry science; and (2) amount 
of science that they expect to introduce into teaching. (Data were 
collected on elementary student teachers from two schools— M from 
school A and 91 from school B, compiled into 8 tables.) 

The more iiertinent findings were: (1) The knowledge of elementary 
student teachers, both as to scope ai^d depth of subject-matter concepts 
.required in teaching elementary science, is wholly inadequate. (2) 
Teachers p^paring to teach elenplntary science need survey courses 
in college science to fill some of tne gaps in their subject-matter prep- 
aration and to provide a better rounded program covering the physical 
as well as the biological sdiencee. 

The following important recommendations grew out of this study : 
An exteriaive study should be made to determine desirable subject- 
matter preparation in science, for students preparing to teach in the 
elementary schools. An eflfort should be made to provide students pre- 
paring to teach in the elemental^ school with both an adequate and a 
balanced program in college science, which will appeal to these stu- 
dents and also take care of the problem of scheduling aq adequate 
program. 

A large number of studies have been made ^o determine types of ■ 
training teachers are receiving today. Chamberlain’s (E 8) study of 
“the development and itatus of teacher education in the field of science 
for ^e elementary school” sets out to: (1) Determine trends in pre- 
service teacher education in science for the elementary school ; (2) 
find problems which teachers face in teaching science in the elemen- 
taiy school; and (3) determine implications of value to teachers, 
educators, and boards of education. 

Two methods were used; Over 1,000 college caUlogs were studied 
to determine ti^ds in course offerings and questionnaires were sent 
to teachers hav^g extensive preparation in elementary school science. 
Among tHh significant findinga were the following : 

1. Of 766 coUecw tnlntnc tfementair taadMia 44S Hat eonrsaa In da- 
Bientarjr acianoe and mora public than private Inatltiitlaiw offer tbeae 
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amnw. In tbe froop offsrlnff ^meatarr aclwice, Um io«an' nomtMr 
of reqoind aancator boOrs of all adaoca la 9-iL Onlj 80 coUc«ea ra- 
Qnlre laboratory work In tba adaitoa cooraeo. 

S. Axeoclaa that Inflaatca elonaotary adanca offertnsi ara adocntlon da- 
partinaDt facnltlaa, Btata departmanta oi adocation, and adenca da- 
partmaot facoltlan Althoach a few of tba InaUtntiona bare baan 
offarloc adaooa conraaa alnca 1928, tba rata of Incraaaa waa moat abarp 
Joat bafora and Jnat afto- World War IL 

5. An Incraaaa In aamaater boora of acadamlc and profeaBionallsed acienoa 
®®***'®* 1* dealrabla and alao daalnibto la derelopment of qiacUliata In 
elementary acbool adanca. ^ 

4- Ulsbar oMtifleaUon raqolrameota are daairable In elementary acbool 
adenca. 

6. Abont half tba collacaa polled are offartnf aoma of tbe followinc aarr- 
Icea and plan to oontinoa or Improra them: Sommer acbool conraaa 
for tnaerrlca trainlnc, omtanltant afi^oea, axtanaion coonea,' demcm- 
atratlon taachlnf, and workabopa. 

fl. Taacbara abow an Incraaatns dealra for workabopa, aaparTlaory and 
constant aaiTka, aatoalba oonraen, and acoaa a to adanoe edocathm 
pob'Uoatlooa. 

Taacbara oontbioa to fboa inoblona of time, qiace, aqtdpment, and 
library raannrcaa. They fed that tba nanal ct>«e of 80 to 86 la too 
larga for Indlrldnal and Bnall-fpoiip actidtiaa ^ 

8. If taacbara ara adaqnatdy prqiarad la adoioe, tbalr problama related 
to actoal taachlnf baounM fewer. 

Some of tlw implicatioiu and roeommendatione from the study are 
(he following: 

^ ^ dearly d eflne d trend la awarent to Indode m<n« ere<i «»nit^» and 
profeaaioaallaed adenca oooiaea In tbe preanrlce tralnlac of elemen- 
tary acbool teadiera and there la a gitmlnf dmnand for Inaarrlee 
training. 

2. If more adenca Is to be tnoght In the dementary adMwla and If teacbm 
are to recdre mare training, Indirldoala and agenclae re^ondble for 
m a kli^ policy and fln a ndn g programa abonld take more podtire action 
than tl^ ara now taking. 

8. Btodlaa abonld ba made of the present pmfaertonalined edence conrsea 
for alemcntnry teadiera to determine wbat tb— e conreee tndode and 
bow dfacUvn they art. 

4. Acnd am l e adenoa c oore ae Cbonld be e»e«Biiw>ii critically and recvleDted 
to make them more meanlngfnl to fotore dementary toadiera aa wdl 
aa to other nnnerieitcn majMa.^ 

B. Uieal adiool kyatoais abdidd expand their own Inaenrloe programe. 

6. OdlagM are not adaqnateiy atalfad to anpply tha growing demen/i for 
alamantaiy ndiool ta n chetn bettor pnfiareil In edenoei 

!bi Ba mm i riijng , Um tbIim of Uiis stody is thit it offers definite 
athtistieal soppcNTt- to imirrenions tnd opinimis now held hj many 
aoienoe edoctton. Decile defiewpciee of space, tiine, mafnrialn, 
eqnipmeoti tewdier know-how, and adiminktriUiTe support, the agsn- 
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oies able to provide leadership in eeienoe' education are becoming more 
aware of the problems and are making eome progress in dealing with 
them. 

The purpose of Ooehring’s (E 5) study, “the status of sciem-e in- 
struction in the one-teacher rural schools in certain selected counties 
in Minnesota," was to determine the present-^ 1968-55) status of science 
instruction in the one-teacher schools throu^ questionnaires and 
visitations. 

Among the tindings were the following: (1) Tlurty three percent 
of the teachei^ had taken a course in elementary science niethods. 
(9) About 50 percent had eanicd science credits during the preceding 
5 years. (8) Most teachers devoted two class meetings a week for 
science, u.sing a basal text series. (4) An incidental approach, 
usually based on the seasons, was used in about 20 p>ercent of- the 
primary grade classes. (5) Science achievement in classes whose 
teachers had taken an elementary science methods course was higher 
in every grade tested than in classes whose teachers were not so 
trained. 


See<Hulary School Level ' 


Twenty-two studies at the secondary school level were selected for 
tliis survey. Four of the» are related to teaching procedures, 2 to 
the curriculum, 8 to careers in science, 6 to teacher training, and 6 to 
offerings and enrollments. Two are classified as miscellaneous. 


Studies Related to Teacfdng Procedures 

In one of the few experimental studies reported in the period under 
review, Boeck (S 2) investigated the “relative efficiency of three meth- 
ods in instruction for developing understandings in 9th-grade general 
Bcience.” Specifically, his study compared the achievements of general 
science pupils: (1) who only read and discueped prepared materials; ' 
(2) who did no reading but were given demonstratiQns with discussion 
over the same material; and (8) who were taught by a combination 
of these methods. Instruction dealt with mirrors and mirror images 
over 4 class periods; 2 periods were devoted to teeing (but did not 
include the retests given at a later time) . Eight teacher* representing 
16 scieiMX classes vmre involved in the study; all were located in the * 
public sdiools of St> Paul, M in n . 

Six tests were used: (1) A dO'item, moltiple-^boioe, aduevement 
test; (2) a 82-item, nonveit^ performance test; (8) a 20-item attitude 
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scale relating to the conduct and social climate of the clase; ( 4 ) the 
Otis Self-Administering Test of Mental Ability (for intelligence 
scores) ; (6) the Stanford Achievement Test {for reading scores) ; and 
(6). the Iowa Every Pupil Test of Educatiofml Development (for read- 
ing scores). Tlie intelligence scores and reining scores were used for 
control purposes. 

After analyting the data by using a number of statistical procedure*, 
Boeck found that : (1) Jperfominnce on the achievement tests (retests 
included) was nearly the same for each group. (2) The rending 
method of instruction was rated low by students. (8) Tochers ex- 
erted greater influence over achievement than did methods of instruc- 
tion. (4) Students retained information equally well uncter the three 
methods of instruction. ^ 

oep miu 

Kahn (S. 9) sought to determine the effect of “a selected procedure 
for teaching the scientific attitudes to 7tli- and 8th-grade boys through 
the use of current events in science.” Using matched groups, he end 
a colleague (aught general science to 7th- and 8th-grade Iwys for 6 
raontlts. During this time the experimental group was given directed 
instruction in scientific attitudes by a s|>ecial technique using current 
events in science. Initial teste, final teats, and the followuj> teste of 
scientific attitudes were given to both the e.xperimental and the control 
groups. 

The investigator found that the experimental group scored signifi- 
cantly higher than the group which had received no special training. 
The gains of the superior group were retained almost undiminish^ 
throughout more than 4 months, during which time neither group re- 
ceived training in the scientific attitudes. Students of below normal 
reading ability showed as large and as significant gains as those of 
higher reading ability. 

As a device to “aid in teaching elements of scientific method,” Skoo- 
pol (S 19) wrote a script for an instructional sound film. The script 
was then evaluated by 10 experienced teachers and by the author using 
KeesJar’s * criteria as standards. He concluded that an instructional 
sound film could make significant contributions to an understanding 
of scientific methods and that the capabilities of motion picture could 
be sufficiently utiliied to justify the use of this medium in the 

mSthods of science. 

* Kwslar, Oren. Contrlbntloiu of Inatrnctiona] IIUim to Uo TOotiUo* of Hlch School 
Sdoneo. L Sot— o o SSooott—, SO : sa-SO, Moith 104S. 
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Often neglected in adence teaching is the identification of assump- 
tions made while carrying out experimental exercises. In a study 
dealing with 9th-grade general science Oboum (S 16) investigated the 
“role of assumptions jin 9th-grade general science” essential to accept- 
ance of conclusions tj> be reached in a selected group of experimental 
exerci^ and also the wayain which a selected grouf of teachers make 
provision for these assumptions in their teaching procedures. 

Forty-five experimental exercises derived from textbooks, work- 
books, and laboratory manuals for 9th-grade general science were 
analyzed by the investigator and a jury of three for the purpose of 
identifying the assumptions in each exercise basic to the acceptance of 
the conclusions. The rc^ts of this analysis were then screened by 
M elaborate complex of juries which judged whether the assumptions 
in the experimental exercises were ewenHal ot^nessential to the accept- 
ance of the conclusions. J urors were also asked to add assumptions not 
included in the original list Counting such additions, 412 assump- 
tions were identified with the 46 experimental exercises. After caroful 
checks on the reliability of the ratings'by the jurore, indices of agree- 
ment were made for each of the 412 assumptions. 

An analysis of both original and added assumptions was made on 
the basis of those which were factual and those which contained an 
"element of rearonable dotibt ^ These data indicated that among the 
{^rsonnel associated with this study thehliseemed to be a greater sensi- 
tivity toward the factual assumptions than toward the nonfactuaL 
Evidence as to ways in which teachers provide for assumptions 
while deding if ith experimental exercises was gathered by classroom 
observations in 11 cooperating centers. Following the observations, 
ane^otal reports were written ; 100 of these were obtained. 

Sixty-thr^ percent of the expierimental exercises observed were 
idimtical with the 46 exercises selected for analysis. A total of 188 J 
assumptions were identified in the observed exercises. This study re- ^ 
vealed that, for the most part, experimental exercises in 9th-grade 
genera] •ra present^ by the teacher-demonstration method. 
The teacheppen^ to have adequate manipulative techniques but very 
inadequate experimental techniques. 

Among Obpurn’s conclusions are the foDowing: ^ 

t Oorrcnt experimental camtSMteOCli-gradefeDeralscIciice are genm 

ipadeQttate In klentitfing and eraluatlnx aaramptlona aawntlal to aeoapt- 
anoe at coocIwdaoM. 

X Juries composed of adsetorSdi-cMds fsnetal sdenes tsaeters wars Isas 
erltloal when STalnatlnf tbs MsnMaJItv of aasnmptloiia baale to aeoept- 
anca of the condnalona and aaaoelatod with ezperlmentol exercises se- e ' 
lected for this Investlaatlon than arara Juries composed of authorities 
m the Held of sdenes sduoathm. 
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8. Ninth-grade general science teachwa obeerred In this Inrgrtlgation were 
not senalUfe to assnmptlons and showed little awareness of the role o< 
assnmptlons In acceptance of cntn»in«|rtn« 

The author concluded his report with nine recoihinendations for 
improvement of classroom-problem solving, particularly that aspect 
of it which relates to identifying and evaluating assumptions. 


Studies Rdattd to ths Gui^ioulwn 


Relatively few studies have been made dealing with the natural 
sciences in core programs. Although the content of science in gen- 
er^ education has been extensively explored, the task of relating 
this subject matter to other nonscience core subjects has largely been 
neglected by science educators. 

C0T 

A study of Mikhail (S 11) of the **oontributions of science to se- 
lected problem areas propos^ for a program of general education 
in the secondaiy school” indicates that science can have a major place 
in core programs. His purpose was to suggest the science subject 
matter, skills, attitudes, appreciations, and interests which might be 

^ common design for core programs — the "problem 
area^esign. 

Sixt^ problem areas (Self-Understanding, Family Living, Criti- > 
cal Thinking, etc.) were utilised. First, each of these was analyzed 
to determinB possible student activities^ then the contributions of 
8cien« were considered in the light of these activities. All science 
colitributions were evaluated for their adequacy as science instructian 
and as potential general education <v^ntent. 

The author found that science could make significant contributions 
to 18 problem areas. All contributions were classified under the fol- 
lowing eight categories: Health and Safety, Atomic Energy, Qm- 
servation. Human Growth and Devel^ment, Critical Thinking, 
Values’ and Beliefs, Cwnmunication, and Hobbies. 


Aq entirely different type of study related to program improve- 
ment was reported hy Toon (S 22). He studied “the relative im- 
portance of factors found in high school chemistry courses as indi- 
caM V former students.’* By means of a ched^ andquestion- 
naire, he undertook to d^ermine what tectors in a high school chem- 
istry course wore considered important by ex-high school chemistiy 
stodente who later enroUed in first-year college chemistry. He also 
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sought information on the general effeetiyenees of present high school 
chemistry courses in meeting student needs and interests. The check- 
list and questionnaire were submitted to all the second-semester chem- 
istry students enrolled in first-year chemistry at the Uniyeraity of 
California, Los Angeles. 

He found that the students rated the following groups of items as 
most important for prestudy in the high school preparatory course: 

1. Underataudins basic chemical prlodples and cooc^ts and the calcnla- 
tions based on them. 

2. Skill with such mathematical operations as i>owen of tear dedmals, 
ratios, and use of the slide role. 

8. Skill with such language facUlttea aa reading for speed and comprehen- 
Blon, outl inin g, finding salient points in a paragraph, and writing and 
expressing thoughts fffkctlTtij. 

The students gaye a low rating to such course content as appre- 
ciation of chemistry, history of chmnistry, industrial processes, and 
organic chemistry. They further indicat^ that high school chem- 
istry made too little allowance for individual differences and f-haf- 
they pniferred a logical, systematic presentation. 

Studies Related to Careen in Scienee 

The search for, or nurture of, talented students in science engaged 
the attention of several investigatora Finkel (S 6) reported “a study 
o^ the factors affecting the high school student’s choice regarding a 
science career.” He was particularly interested in identifying those 
factors which dissuade students from entering a field of science. He 
sent questionnaires to secondary' schools of various in the State 
of Colorado and over the Nation. 

The 21 schools which returned the questionnaire reflected the think- 
ing of 21 principals, 65 science teachers, 24 guidance counselorB, and 
594 senior students. Some of these last respondents were interested 
in science, but many were not. For purposes of comparison the au- 
thor sent the same questionnaire to freshmen at the University of 
Denver. Fifty-six of these completed the form. Some of the data 
fojT this study were obtained by interviews with school nffieiula. 

Four sections of the report deal with specific attitudeiHand oomp^ 
tencies of high school principals, guidance counselors, science teachers^ 
and students in relation to science courses. All these respondents 
appeared to agree that the primary reasons why students did not 
take more science while in high school were: (1) Science was too 
difficult and involved too much mathematics. (2) The elementaiy 
school science course had been poor and uninteresting. (8) The 
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school offered so many important and desirable courses in competi* 
tion that students did not select science. 

A much broader investigation having some purposes in common 
with the Finkel study was conducted by Stice, Torgerson, and Mol- 
lenkopf (S 21) . They made “a national study of high school students 
and their plans.” .. ITiis team gathered information on adolescent 
motivation for college, interest in science, financial plans, and pa- 
rental backgrounds. Using a S^rcent sample of the public high 
schools of the United States, they administered a 30-minute ques- 
tionnaire and a 15-minute test of academic aptitude to 82,750 12th- 
grade students. In addition, the principals of these atud^ts were 
asked to supply background information on the schools and communi- 
ties represented in the sample. 

'Hie findings in this study are basid upon the questionnaire re- 
sponses of 9,689 seniors. All these students scored high in the ability 
test and, as a group, represented approximately the top 30 percent of 
the entire sample. 

Among tbe findings were the following: 

1. Approxlmstelr 14 percent of the group said they had no Interest in or 
desire to go to college, abd approxlmatelj 0 percent said they had a 
strong interest In coUege hot saw no way of ever being able to go. 

2. ^Llmost half indicated that axpenaes would be sin Important reason 
why they might not get to college. 

8. Fifteen percent of the boys and 28 percent of the girls whose fathers’ 
education had been limited to' elementary school had no Interest In 
college. 

4. Although 66 percent of the boys whose fathers were In the m«wUml 
profession Intended, to go to college without delay, only 28 percent 
of those whose fathers were In semiskilled occupations intended to 
do so ; and only 88 percent of those whose fathers were farmers 
planned to go to college immediately. Among the girli the variation 
was even greater. 

6. The lower the score on the ability test, the greater was the pei^tage 
expressing no motivation for college, 

6. The proportion of students planning to go to college Increased as the 
siae of the school hu^ieaaed, with the exception of very large schools 
having enrollments over 1,600. 

7. AnNToxlmatdy 26 percent of the boys said they would like to become 
miglneers, 8 pmcent wanted to enter medldne, and 6 percent wanted 
to be physical scientists. 

Taking, all findings into account, the inveetigatorB oonduded: (1) 

A striking amount of economic and cultural detemiinism ftyiate in 
cminection with ^ing to college. (2) There is a pressing need for 
more seholarshipe to reduce the loss to higher education of high- 
alnlity students. (8) Higher education is losing up to one-half of 
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th® top 80 porosnt of'th® Nfttion’s high school senioTS. (4) 1 
finances and lack of interest have about equal weight in caus 
loss. 

_ Neiyert (S 12) reported a study to investigate the problems 
^‘identification of students with science potential** »n d to del 
what factors were responsible for their selecting science as a 
The research consisted of four major components: (l)"*Se] 
training, and following the careers of several groups of potent 
ence students through high school and into colleges. (2) Admi 
ing the Test of Science Seasoning and Understanding of the t 
‘Entrance Exa min ation Board, with an accompanying Interc 
Career Choice Questionnaire, to several hundred science stud 
New York City and evaluating the data. (8) Reviewing the j 
Science Talent Search competition. (4) Dete rmining the cha 
istics of superior science teachers mainly by a questionnaire i 
the sponsors of Science Talent Search winners. 

Some of the major conclusions of thi« study were the follow! 

1. Three factors necessarjr for high sdeaoe potential, and ft»r dete 
Ultlmatelx whether or not a student who pnsnnssri It will chc 
ence as a career, are high intdllgenea opportunities for devel 
and personal attrUratea. 

2. Ontstandlng performance in adenea requirea Oat tha student 1 
I. Q. of 18B or shove and reading and artthmetle aeoita ct 12t 
or better in the 9th jeer. 

8. OpporttmlUes for devdopment include a home conducive to sti 
a school with an enriched eefenoe progrem, marked by oppor 
tor individual research, good equipment, and anperlor teadu 

4. The personal attributes neededjiy the potential wH ence atwl 
Into three categorlee— Interests, IndtvMoallty, and an Intrinsic 
Hla Indivldnallty Indndei his pernonallty traits, mental tral 
work habitn. An Intrlnale factor whldi keoonnta In part : 
stndent'a strlvtnga and Inellnatlona la an alanient In oommltttaig 
varlona arear of pore and applied adence. A atodenf a Inti 
adenoa la anfflclently yarlahls^ howevar, that It caanot ba oaa 
for predicting aoeeses In this Add. 

6. The edenoe teadier la tha aingle moat foiportatit fkctor la tin 
environmen t condudve to devalopnsMt ct potential ■de nct ai 

& The superior teadier who Influences students to pnrsne 

Identlfled both by his ability as a teacher and by hla peiwip^ ii 

8tudU$ Bdatcd toTeodhcr TnMmg 

In fl study limit ed to the State of Illhufifl Irat trensbending pc 
htmiidsries in significance, Nelson (S 18 ) investigated ^hat ad 
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tratorsjrwt in the training of aoienoe teachers and the actual training 
of beginning science teachers.” He studied the competencies desirable 
or nectary for the science teacher in his first years of work. * The 
inquiry was directed at two groups of schoolmen, administrators and 
beginning science teachers. 

A total of 206 administrators ^throughout the State, in schools of 
vario^us sizes, completed and returned a questionnaire dealing with 
science teacher competencies. The competencies were placed under 
one or another of seven headings in the questionnaire: (1) Classroom 
Tecluiiques, (2) Professional Responsibilities, (3) Application of 
Science to General Education, (4) Understanding Boys and Girls, f61 
Other Aspects of Profeasional Training, (6) Training in the Subject 
Matter of Science, and (7) Student Teaching. 

Respondents were requeued to indicate whether each listed com- 
petency (in all categories except the sixth) should be considered as 
(I) minimal in the teachn'-training program, (2) important, and in- 
eluded in the training program, if possible, and (3) not important in 
the training program. -Additional competencies could be suggested. 
The sixth categoiy (Training in the Subject Matter of Science) pre- 
sented five patterns of possible snbjqct-matter preparation. Reqmnd- 
ents were asked to rank these patterns in order of preference. 

The findings of most interest, perhaps, are the administrators’ pref- ' 
erenoes regarding the patterns of subject-matter training commonly 
feund in the preparation of science feachen. An overwhelming ma- 
jority wanted science teachers with sufikient training in several science 
fields so that they might tea^ more than one. The pattern fevored 
by the greatest number included the above, and, in addition, intenmva 
training in one aoienoe field. 

In the second part of this study, 119 questionnaires completed by 
science teachers of 8 years’ experience or less providkl detailed infor- 
mation on their formal training, employment, and soope of responsi- 
bilities. In contrast to what most lulininlstrators in Urn sample popula- 
tion desired as to the preparation of aniwiiwt teachers, most 
teachers in the sample population reported fragmentary generally ' 

substand^ preparation. • ' 

^ r. ■ 

Drown (S 8) stn^qd **tbs' training bachjgronnd of Wisconsin hi gh 
sdiool chemisi^ teaohera.” ^y means of questionnairaB he gathered 
infonqation on theacienti% backgrounds and actual program respon- 
sibilities of high school elumistry teachers. From 260 returns he was- 
ithia tn gaiti iTfemutiTiii fwi teacbfiT in chemisti;^ 

for tlto Sthfeas a lihole. 
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Som« of the major results of this inquiry were the following : 

1. The mejorUy of chemistry tesobere csrrj, ss part ot their teachlnt 
load, ooe or more aubjecta lo addition to their major aobject. Only 21 
teaobera tao(bt chemistry alone. 

2. Of the 261 respondentB, 08 were required to teach chemistry and '2 other 
subject combinations; 18 were teaching in more than 3 anbject flelda 
Only 107 taught science alone. 

8. A tremendous range of sdentlOc background exists among WlaconalB 
chemistry teecbera 

4. Teachers In smaller schools carry the heerlest teaching loads and geO' 
erally have the least sclaotlflc background. 

6. Measured by Wisconsin standards, 29.8 percent of the respondents were 
unprepared to teach chamiatry. 

Tlie training needs of science teachers in Georgia were analyzed by 
Ivey (S 8). His sources of information were the science teachers 
themselves. Specihcally, he undertook to determine the areas in 
which high school science teachers feel that they should be competent 
or already are competent, and in which they feel they need further 
training. A questionnaire was prepared and sent to all seienoe teach' 
ers in^e State. The data were grouped in the following categories : 
Biological Sciences, Physical Sciences, Biological and Physical 
Sciences, and Professional Edooation Oonrsee. Under each category 
teacher competencies were arranged in deaoending order according to 
frequency of mention by the respcmdents. 

The findings in this study are presented in more detail than can be 
reported here. Only those competencies which occur in the nppw 
fourth of each category and in which the respondents indicate a n^ 
for further study are given below : 

1. Biological SdeBcta: aquatlQ blolesy, plaat d l f tat a , birds, waada, am- 
bryolofy, microUology, sax adncatlon, traea, plant braadlng, ganetlca, 
andgrasaaa. 

2. Physical Sclenceu ; teleriaion, radioactivity, astronomy, stomlc physios, 
electronics, radio, general geology, plastlct and rubber, medam davalop* 
menta and their applications la chemistry, and modtm davalopmanta 
and thalr appUoatlons In physica and electricity. 

8. Biological and Physical Sciences : plashes and rubber, dn^ nerootUi, 
and home appliances. 

4. Professional Education : making aittple types of laboratory equipment, 
planning and carrying out projects for a science fair and teeeardr proj- 
ects suitable for secondary science, plenaiof the total ecieoce program, 
directing students In indlvldaal proJeCta, sponsoring a science dub, 
acquiring materials and eqolpmant for sdenee da eas a , cennseUng atn* 
dents, and cenatroctingachtaveaMattastB. 
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Bhawv\br (S 18) oonducfed an inquiry on “the scionco teacher 
supply for the State of Virginia.** A questionnaire io the deans of 
the major colleges and universities in the State invited them to report 
on the number of students in the classes of 1966, 1966, and 1967 pre- 
paring to teach high school science. Further, the respondents were 
asked to report the number of teacher candidates who were majors in 
general science, biology, chemistry, and physics for each of the above 
years. 

He found that for each year about 40 science majors were expecting 
to teach in secondary schools. He concluded that this number was 
approximately half the actual need each year in Virginia, 

oqr quo 

Mallinson (S 10) completed a five-part inquiry on “the status of 
science teaching in Michigan** having purposes related to several of 
the studies already reviewed. Spe^cally, he sought information on 
those five questions. ■ 

1. What conblnatloiiB of spleoca cooraM art Unght bar aclenct taachera In 
Michigan T 

2. How manj different aclenct conraea may be taught by any one aclenct . 
teacher? 

8. If a adence teacher teachea conrtea other than adence. what are they? 

4. Do the rabject-matter backgroonda of adence teachera enable to 
carry ont their aaaignmenta anccetafallyT 

8. What typae of training do admlniatratora want adence teachera to 
hate? 

. Q®^*^*P*^*^**^ were sent to half of the high school administrators 
m Michigan. >.£hch administrator was requested to forward addi- 
bonal queetioimaires to a ji^or high school science teacher and a 
high school science teacher in the same system, A total of 209, or 
over 80 percent, of the questionnaries sent to teachers were returned. 

Some of the major findings in this study were the following: 

2. The majority of taachera In cUma A, B. and 0 aehoola teach only one 
adence. Bowarar, azcapt for taachera In claaa A aehoola, the majority 
of the teachera who teach only 1 ad«>ce, tehcb only 1 or 2 aecUons at' 
that adence. Many of their anbjecta are unrelated to 

2. For thoee who teadi more than 1 adence, 90 percent of their com- 
hlnattone bU Into 4 eatagorlea: (a) bldoty and general adence^ com- 
blaed arltli idiyeleal edooatlon; (b) biology and general adence; (e) 
cbAnlstry and phyalca combined with mathvnatlcs: (4) chemUtrr 
and geotral edence. 

V "^onpa*/ teadmft who are teaching only one adence do not baTo a major 
or mlBor la that partkalar Held. Thla la eapedally trao In 
amoola and nanally ao as tagards phyMcn 

4. b tba majority Of daas A. B. and O adnUnlatraton emphaMied 
thst itay addma tMMhM Who ab bnadly tatter than nafremy- 
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trained In ndenceL Tb«7 were cteer In etatlnff that th«7 want tMrbm 
who are anfflclaitly trained and rarsatUe enough to be able to ixin d i t 
any and ill acience aaaigninenta. 

B. There aeema to be a belief that anjone ^an teadi general aclenra. It 
^ poaalble that oeer hnlf the claaeea In general acloice are tnugbt b/ 
teacbera wbow breadth of training la InanlBcIent to teach the courae 
ancceaafQllj or who hare little or no acloioe background at alL 

fl. Of all/the acieDcea tanght, biology can be rlewed with the greateet 
amount of aatlafactlon. 


Studies Related to Course Oferings asid EnroUmetUs 

A number of surveys of varying scope dealing with course offerings 
and enrollments (and usually with otheir matters) have been com- 
pleted in different parts of the country. Most of thesOf taken in- 
dividually, have limited significance and interest for a national au- 
dience because of tlieir limited meaning. However, taken together, 
they do suggest trends and often provide the best information avail- 
able on the status of secondary science over la^ge areas of the country. 

In a study of national scope, Smith (S 20) reported an investiga- 
tion of “trends in junior high school science.” He investigated tile 
wrokly classtime, topical coverage, and pupil enrollment in general 
science during the 10 year? from 1946 to 1066. A questionnaire was 
sent to members of the National Science Teachers Association in each 
part of the country, lleplies were received from 104 schools in 20 
States. He found that: (1) General science has gained in minutes per 
class ond in classes per week at each grade level where commonly 
offered. Xlie high^ percentage gain is in the 7th grade and the 
lowest in the Otlu (2) Course oirollments have gained during this 
I»riod and follow that grade pattern. (8) Course content varies 
little. Tliere now appears to be a tendency to achieve a better balance 
among the biological acieDces, the physical seienoes, and the earth 
sciences. 

oqr ^ 

Pella (S 16) fj wmine d “the status of science offerings in Wisconsin 
high schools.” His study concerns the following: (1) The science ' 
courses offered in 426 public sdioolsi tlic nature of tlie teach- 
ing loads of acience teachers^ (8) the amount of pupil ^ool time 
devoted to science in each scIimI ; (4) whether any relationaliip nists 
between the teaching load of ^ teacher and the amount of pupil . 
school iisM devoted to aohod odsnce in each school; and (6) wliether 
mnj Itinhing the ttifthar 
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amount of pupil school time devoted to science. The sources of infor- 
mation were the reports submitted to the State department of public 
instruction. Tlie results of this inquiry are presented in both textual 
and tabular form under such headings as Science Offerings, Science 
Course Combinations Taught by Teachers, Nonscience Courses In- 
cluded in Science Teacher Loads, Pupil Time Devoted to Science, and 
Enrollments in Sciencq. 


In the spring of 1056 the high school principals of Essex County, 
N. J., conducted a “county wide mathematics-science survey of the 
coursework confpleted by the graduating seniors” (S 4) . Of tlie 5,074 
records examined, slightly more thap half were those of college- 
preparatory students. AH 22 public high schools in the county 
participatwl. 

Sixty-two percent of the graduates took general science, 69 percent 
biology, 88 percent chemistry, 81 percent physics, and 0 percent other 
science courses. Ten percent of the graduates completed 4 years of 
science, 23 percent 3 years, 33 percent 2 years, and 26 percent 1 year. 
Six percent graduated without having taken any science. 


“The science teacher, science course offerings, and enrollments in 
Nebraska public scliools” were investigated by Hoffart (S 7). His 
study was concerned with the professional preparation of science 
teachers, their teaching loads, the types of courses offered, and the 
enrollments in these courses. All data were secured from the applica- 
tions for approval and accreditation submitted by Nebraska ^ool 
administrators to the State department of public instruction. Ho 
compared his results with those of three previously completed theses 
dealing with similar problems. . 

In general, science instruction is gaining in Nebraska. Both the 
percentage of scliools offering general science, biology, chemistry, 
advanced science and the student enrollments in these courses have 
increased significantly in the last three decades. Only physics has 
declined. 


The professional preparation of Uie science tMchers in 1064^ 
appeared to be sranewhat improved when compared with that of science 
teachers in former periods, j^owever, their profeesiona] preparation 
in science was still far below the recommen^tions made in 1046 
the Committee on Sc w ice £ducation*qjf the National Society for 
Study of Education. 


**An inveetigation of eecondary chemistry offerings** was undertaken 
by Blifli (S 1) in Oklahoma •• part of a national study conducted by 
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the American Chemical Society. The author determined the number 
of schools olTering biology, chemistry, ami physics; the number of 
classes in each science; and the enrollments for eadi science in the 
sample schools. The survey covered 350 schools. Data were obtained 
through tlie State department of education. 

The author found tlxat biolc^ was offered in 215 schools and studied 
by 72.4 percent of tlie students in these schools; that chemistry was 
offers^ in 7l schools and studied by 20.1 percent of flic students; and 
that physics was offertxl in 54 schools and studied by 7.4 j>er‘cent of the 
students. 

A research report of the State department of education includes 
detailed information on the sUtus of “science and mathematics teach- 
ing in New Jersey high schools” for 1956 (8 14). This information 
covers science course offerings, enrollments, class sires, teacher Supply 
and preparation, teacliing alignments, and teacher compensation. 
Some of the conclusions were the following; 

1. All New Jeraej public blah schoola offer all the major ecience cooraea to 
Lbelr puplla. 

2. According to accepted standards, tbe al*e of science classes U reasonable. 

3. The percentage of boys and girls enrolUn* in adranced science clanes 
during recent years has Incraaaed despite the fact that conditions 
contributing to high retention rates hate kept In school many who would 
not ordinarily be expected to enroll In such classes. 

4. Increased offerings In general acl^e provide bnalc lostmctlon for 
pupils leas likely to profit from more advanced conrasa either from the 
Btandpoint of Interest or ability*. 

8. Science teachers are, on the whole, well qnallfled from the standpoint 
of nndergrnduate prepamUon for their tmchlng aaslgnmenta. 

6. The large numbers of teachers assigned to instruct only In the bielc^cal 
sciences or the physical science are ImprssalTe. ‘ 


UUceUaneoM* Studies 

The factors which underlie Bfi^nc© achievement in secondary schools 
have attracted investigators for years. In a recent study, Oould (S 6) 
investigated these factors, “pr^icting biology Begents grades from 
personality of Oth-grade students.” Specifically, he sought to deter- 
mine whether a distinctive pattern of certain components of per- 
sonality is prevalent among high school students who elect biology 
as a major subject and whether this pattern is lacking among those 
who elect some other major. Five subproblems were investigated : 
(1) Is there a relationship between I. Q. and achievement in general 
science! (2) Between L Q. and certain personality oomponenta! 
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(3) Between achievement in general science and certain personality 
fomponenta? (4) Between achievement in biology and certain per- 
sonality components? (5) Between achievement in a nonscience 
major subject and those factors of personality found significant in 
(3) and (4) above? 

The 20 i>ersonality traits considered in this study are those dealt 
with on the liell Adjustment Inventory, the Bernreuter Personality 
Inventory, and the Mental Health Anal}'8ie. The*, as well as the 
Otis Quick Scoring Mental Ability Test, Gamma Form BM, and the 
A. C. E. Cooperative Science Test for Grades 7, 8, and 9, Form R, 
were given to 157 high school boj's and girls. All these students had 
completed 1 year of general science. Also used in the study, but with 
only part of the sample poj)ulation, were the tlune 1948 Biology 
Ilegents Examination and the students’ final grades in all subjects 
for the 1947-48 school year. 

Among the findings were tlie following: (1) There was a correla- 
tion of 0.76 for botli boys and girls between I. Q. and achievement 
in general science. (2) There was little or no relationship between 
1. Q. and any one of the personality traits measured, or any com- 
bination of them. (3) Only one personality Proponent, “feelings 
of inadequacy,” allowed s sulMtantial (positive) relationship with 
achievemen^t scores in genera] aciencew (4) No substantial relationship 
waa fouQ^ between any personality component and nonscience achieve- 
ment scores. (6) The best fitting personality pattern aasociated with 
achievmnent in biology included such components as: “close personal 
relationsliips,” “adequate outlook and goals,” “social participation,” 
“dominance-submissive,” “social adjustment,” and “health adjust- 
* ment” 

Schenberg (S 17) studied “the nature and extent of the employment 
of laboratory assistants in the high schools of the United States.” 
Specifically, he undertook to compile information concerning the em- 
ployment, qualifications, duties, turnover, and recruitment of labora- 
tory assistants in 47 cities distributed over the country. A question- 
naire was used to gather this information. He found that: (1) Only 
three citiee — Bal^more, New York, and Newark — employ Is^ratory 
assistantfl on their high school staffs. (2) Four citiee — At.litTi t ^ 
Boston, Oakland, and Sim Francisco—make special provisions for 
nsixig high school students to sasist scioK^ teschma. (8) The <Aher 
cities also make some special provisions but their science teachers are 
aeoustomed to se^ and obtain student assistance on a purely volun- 
tary beeis. The author reomninended that the National Scieioe 
Teachers Association get behind the raovonent to employ laboratoiy 
assistaiits in large hi^ schools. -- 


ERIC 
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CoUefc Lerel 


Forty-seven studies at tho college level were reported by the oom- 
inittee for tliis bulletin. Of tliese, 13 ere classihed as curriculum stud- 
ies, 11 as methods and r^ources, 4 as teacher training, S as testing and 
evaluation, 4 as elements of the scientific method, 6 as texts and produc- 
tion of texts and syllabi, 2 as characteristics of science students and 
scientists, and 4 os miscellaneouB. 


Studies Relate to the Cusriculwn 

Arnold (Cl) conducted a study designed to develop a first -year 
“general education (allege cliemistry course,” which would serve the 
gejilral education student as well as the specializing student Ills 
course was based upon the modem philosophy of science and educa- 
tion, with emphiufis upon objective scienti^ thinking. Tlie author 
established 4 basic assumptions for development of the course, and 
used 7 criteria for the selection and organization of content in keep- 
ing with the basic assumptions. A list of rtatements relating to the 
structure and behavior of matter was prepared and submitted to a 
jury of 9 chemistry teachers and 9 specialists in general education, 
who rated the statements. Of the statements, 378 were judged essen- 
tial and, when arranged in Ic^cal sequence, became the basis of the 
course. 


program,” and attempted to relate tliese to teacher education. He 
pressed the characteristics of the biology course in general education 
in terms of appreciations and understandings of scientific attitudes 
and method, laboratory experience®, the relation of biology to health 
and welfare, and stress on biological principle. 


Klots (C 12) doscrib^ a program of outdoor education at Concordia 
Teachers Collie. This project included a 2-week outdoor education 
workshop, 1 week m camp, the other on campus. Aijuatic life, birds, 
inswts, reptiles, wild ^wwa,^geology, soib, astnuimny, and conser- 
vmtion were studied. experienott of living togedwi^were ctm- 
sidered to be very valuable. Many school ayrtrans are now omducting 
prc^;ram8 of outdoor educ^tioiL Teacher educatkm of this kind in- 
creaaingly beconme the respouibility of tMchars ooUe^ 


Meier (C 21) studied reports of “biology for a general education 
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Sonneborn (C 82) has conducted a study which clearly states his 
reasons for including protozoa in the college general biology or zoology 
course, lie stresses tliat protozoa provide opportunities for students 
to observe nature and moke discoveries and ac(]uire enthusiasms for 
biology. Simple instructions and useful teaching aids are presented 
in Uie article. Advice on the culture of protozoa is given. The article 
offers valuable practical directives to tl»e college biology instructor. 

Dunbar (C 0) suggests Urn feasibility and desirability of using 
lecture-deroonrtrations in teaching organic chemistry. He identifies 
ami diKusses some factors involved in the lack of widespread accept- 
ance of demonstratipn techniques as an aid to teaching this subject 
The autlior gives general advice for demonstrations together with 
sonie specific examples of possibilities. 

Wood (C 89-40) presented two studies dealing with the “con- 
duction of specif shde rules and nonu>graplis for the teacher of 
general chemistry,^’ He presents a very tJiorough treatment of the 
considerations involved in the theory, construct ion, and use of specially 
constructed slide rules for particular application in the solution of 
matliematicnl problems arising in chemistry. According to the au- 
tlior, a particular advantage in tlie use of sucli devices is the possibility 
of assigning numerical problems to cliemistry students on an indi- 
vidual basis witli tlie assurance that eolations may bo determined 
readily by means of «uch special slide rules as are suggested. The 
ideas report^ seem practical and helpful to all who work in tlie 
area of cliemistry education at the college level. 

Van Deventer (C 35), in a study concerned with “tlie use of sub- 
ject-matter principles and generalizations in teaching,” sc\t out to 
isolate, rtate, and justify some scientific principles which are function- 
ally unifying in broad areas of scientific knowledge. Tlieae princi- 
ples are tlie ones tliat lie between tlie basic ideas common to all science 
and tlie subject-matter principles generally associated with particular 
brancliee of science. 

TTie author’s tlioughts about the prcdilem come from the research of 
other persons who seek to identify the basic ideas and principles, un- 
derlying science and tlie scientific attitude, and also from his own 
snalysis. This analysis is part of a long-term objective for constant 
reexamination of what we teach and how we teacli it An immediate 
objwtive is to gain a basis for a block-and-gap technique in walftH-i ng • 
subject matter for a nonqieciali^ course in elementary science. 
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The author suggests that a relationship must exist between subject- 
matter principles in science and the basic assumptions and ideas con- 
stituting discernible elements of scientific attitude. He proceeds to 
analyze the generalizations of science into four levels or stratji: (1) 
The basic ideas and assumptions of scientific attitude, (2) area prin- 
ciples unifying or relating ^parate scientific branches, (3) subject- 
matter principles in the separate scientific branches, and (4). the 
facts of science which support the generalizations. The analysis is 
illustrated and jiistified with specific examples drawn primarily, but 
' not exclusively, from the biological sciences. The author empha- 
sizes the laboratory as affording opportimities for work which is 
worthwhile as well as exploratory-experimental and experiential. He 
refers to certain experimentation in science education at Western 
Michigan College. 

Perlman (C 24) compared the historical treatment of scientific 
discoveries (case histories) and contemporary science problems in 
the laboratory program of a college physical science course designed 
for general education. Students subjected to two procedures were 
compared as to their ability to use the scientific method of thinking. 
In most instances there was little difference in results with the two 
groups. 

- 

Sleeman (C 3(^ utilized the evaluation of Oastleton Teachers Col- 
lege by the American Association of Colleges for Teacher Education 
' as the foundation for developing “a proposed science program for 
general education” for the people of Vermont, and for providing 
firsthand experiences for the students, with more attention to the 
social implications of science. He maintains that the proposed science 
program may develop student interests, demonstrate possibilities of 
practical application, lead to a functional understanding of science 
concepts, and contribute to critical thinking — ^by presenting vital 
probkrfns in relation to the life of the people in Vermont. 

Simmons (C 29) studied ‘Mtalizing biology with a live-animal 
project.” The course is required of all students at Alban;^. State 
College in Georgia. Experiments in nutrition, dissectmn, repfodxu^, 
tion, and physiology were briefly reviewed. Rats an<t^ioe wer^he 
animals most frequently used and the students took care df them. 
The students also carried out many of the experimeiia, especially 
those on nutrition, while the instructor carried out certain of the dis- 
section demonstrations. The purpose was to ji^ve the btndents ex- 
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periences with laboratoiy otgaiiisms so that they might gain an in- 
sight into the methods of biological science. 

The author suggests a series of student activities with live animals. 
Ho maintains that these activities would be useful in college biology 
courses designed for general education purposes. 

The National Science Teachers Association, as reported by Carleton 
(C’T), has conducted a research team conference for science teachers. 
Thii;ty-two selected experienced teachers met in a 2-week summer 
cdnfei^ce at Oregon State College and San Jose State College. The 
participants interviewed more than 30 research scientists, and pre- 
pa^ and recommended specific laboratory exercises based on the 
insights gained. ^ 

Studies Related to Methods and Resouroes 


Schwab (C 28) discusses the nature of scientific inquiry, stressing 
that scientific inquiry itself, as well as its conclusions, should be a 
part of the liberal curriculum~~aU the way from elementary courses 
in many fields to survey courses in general education. Survey courses, 
he feels, have two serious weaknesses: “Superficiality and dogmatism 
in its graduates and adolescence in its coi^tacL” The principles one 
acquires from a course based on inquiry havd a longer life expectancy. 

One particular tlieory concerning the particles, masses, charges, and . 
motions which constitute the atom may, for instance, have a very 
limited life end a limited applicability. On the other hand, the te^- 
nique of seeking explanations of physical and chemical phenomena, 
in terms of particles of some mass, charge,'and motion, will persist 
as long as theories of this kind are uwful and will continue to be 
capable of revision and enlargement to encompass new phenomena. 

Schwab insists that the traditional curriculum must gave way to 
one of materials that reflect inquiry. ' Materials and their treatment 
must constitute a second mqniry, engaged in by student and teacher 
alike and aimed at practicing the art of inquiry and getting a grasp 
of that full yeaning of a body of knowledge which only the inquiry 
that produced it can supply. 

oqr j 

Lahti (C 13) studied “the inductive-deductive method and the 
physical science laboratory.” He set out to ascertain the effective- 
ntM of the laboratory in developing students’ ability to use the 
scientific method. (Tlie author defines the scientific method in terms 
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of its philosophical meaning and in terms of the research approach, 
adopting the latter for puqiosea of his research.) 

Lahti used written tests to measure students’ ability to design an 
experiment, collect the data, and measure their ability to interpret 
the data. He constructed a performance test to measure their ability 
to solve a problem with simple equipment pjaced before them. For 
tliis experiment he used students from a natural science class of non- 
science majors. 

The autlmr compared four methods of teaching: the^ inductive- 
deductive (problem-solving), historical, theme (or discussion), and 
standard. The data were subjected to statistical analysis. Once col- 
lected, the data were interpreted equally well by the students re- 
gardless of the method used. The inductive-deductive method was 
significantly superior to the other methods in promoting the ability 
to develop a lino of attack and it was also successful in developing 
problem-solving abilities in content-centered problems. 

According to this study, the ability of students to formulate plans 
and to design an experiment appears to be the crucial aspect involved. 
The individualized inductive-dedukive laboratory appears to offer a 
means of developing students’ ability to use tlie scientific method, 
which is defined in terms of the context of discovery and the context 
of the study. 

West (C 38) studied “the project method of teaching biology.” He 
reports on a course required of all majors in tlve biological sciences at 
Northern Micliigan College. Includ^ in the report is an excellent 
statement of course objectives, identification of student and instructor 
activities, photograpla of student projects, and descriptions vvhich 
give the reader an insight into the bosra of the course. Tins course 
was designed to nllow students to work on problems or projects in 
biology of prime concern tVthSm. 

The report gives evidence of the extent to which the project ap- 
proach has been reflected in improved science fair projects of second- 
ary school youth taught former students who took tiie course. An 
analysis is^made of 118 recent projects of students covering a 3- or 
6-year span. The course enrollment is limited to 24 students because 
of laboratory facilities. 

Smith (C 81) conducted “an experiment in teaching general chem- 
istry by closed-circuit television” at the Pennsylvania State Univer- 
sity. He set out to study the feasibility of using modetate-ttist TV 
equipment for instructional purposes and the acceptability of this 
type of instructional medium to the 'petaom inv<dved, and also to 
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detetmine the limitations and advantages of closed-circuit television 
in leacJiing vorioos types of courses. 

^le course in college general chemistry consisted of 2 lectures, 1 
recitation, and two 3-hour laboratory sessions a week. Only the lec- 
tures were given over television, other parts of the course remaining 
uncJmnged. About 450 students were divided into 3 groups. The 
first was taught in the originating room of the televised lectures, 
the second watched the lecture-demonstrations on television receivers, 
and the third reived regular lectures. Three chemistry teaclvers 
alternated in giving the lecture-demonstrations. The article describes 
iij detail the television equipment and techniques used, lists the tech- 
nical staff, and describes modifications needed in the instructional 
procedures. 

Tlie experiment was evaluated ly objective tests and student- 
reaction questionnaires. Smith found no significant differences in 
the scores of the three groups on tire examinations. Thus, he judged 
that the students’ learning was not handicapped by the experimental 
procedures. Alost students found the procedure quite acceptable, and 
a small majority found it as interesting as conventional lectures. 
Onl significant difficulty was lack of color on the television screen. 
Another was insufficient size in the reproduction of blackboard 
presentations. 

Tlie author concludes that teachmg chemistry classes ly television 
is quite feasible for the lecture phase, but tlu}t, at present, with the 
serious problem of lack of color and smallness of screen, it would 
be unwise to adopt this method ns a regular procedure. However, in 
the future tliis conclusion may be reversed. 

oqp nfu 

niumenthal (C 5) studied “the effects of multiple instruction upon 
learning in college physics.” He set out to investigate and predict 
end-tem achievement of students who attend split session of lecture, 
recitation, and/or laboratory, with the achievement of students who' 
do not. His subordinate problems dealt \vith acquisition of physics 
knowledge, problem-solving abilities, and end-term success in achiev- 
ing these. (“Split session” was defined as a different instructor for 
lecture and recitation.) 

Tlie autlior’k findings and generalisations were the following: 
Pliysica mudenta-wlioee lecturers also serve as their recHation in- 
structors show greater end*(enn phyucs knowledge tlian students 
whom lecturers and reciUtion inrtructprs are not the same. Tliere b ‘ 
no significant difference in end-term physics knowledge between stn^ " 
dents liaving tlie same instructors in recitation and laboratory and^ 
tboss bnvuig differsiit instructors. There tin no signifiesnt dif \ 
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ferences in achievenient of stndonts AVho do or do not attend split 
seesions. Students with a good general soientifio knowledge at col- 
lege entrance generally have a greater factual knowledge of physics 
at the end of the first course in that subject than students, who did 
not have a genenil scientific knowledge. Students who display ability 
in mathematics and, to a l^ser extent, a good general scientlflo knowl- 
edge at college entrance generally show a greater achievement in 
physics problem-solving abilities at the end of the semester than 
students who do not display this ability and knowledge at college 
entranccL Ability to reason is not significantly related to end-term 
physics knowledge or to physics problem-solving abilities. 

Tliis study concerns a question, the answer to which may be dif- 
ferent under varying conditions. The point of view is often met in 
the literature of the subject that the out^nding member of a depart- 
ment should give the lectures in elementary and general education 
courses. Perhaps the chief determinant in this regard is the number 
of students enrolled in the course. Further, there may be more sig- 
nificant criteria than test scores for sectioning classes. It would be 
useful if other studies designed in different ways were conducted in 
this area, in various sections of the country, and in both large and 
small institutions. 

' Summerbell (0 34) and others conducted an experiment dealing 
i with ‘‘simulated research for freshmen” which introduced a study of 
unknown solutions into the last weeks of a course in college general 
ohemistry. The object was to have each student undertake a shnu- ‘ 
lated rraearch problem. Certain standard procedures were omitted 
from the course. The authon concluded that much enthusiasm was 
generated and that the students gained a very real understanding of 
the qualitative scheme and of the general nature of scientific pro- 
cedures. Beet of all, the students were given, they said, some .meas- 
ure of the excitement of experiment. 

Gaier (O conducted a study on a “technique of problem Solving 
as a predictor of achiev^ent in a mechanics course” d^i^ed to 
compare the ability to solte problems with predic^n of achievement. 
Problem-solving ability wjas measured .by the Balance Problems Test 
of Cross fuid, Qaier. Ac^evement was measured by final grades in 
the Airplahe and Engines Mechanic course, and scoras on txm 
mechanical job-knowledge tests. (The study was snpporteA in part, 
by the tJnit^ States Air P^rce.) 

The Inv^igators discovered that final grades y^re positively re- 
laled to.the number of problenus ootrecUy solved in the BPT and to 
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the tendency to prefer principles over facte in their solution. The 
usefulness of this study lies in the fact that it tends to support the 
hypothesis that understanding of principles should be emphasized in 
science classes rather than memorization of isolated facts. 


Ward (C 36) set out to compare the relative effectiveness of two 
methods of instruction (“group study versus lecture-demonstration in 
physical science”) in achieving two objectives of general education : 
(1) Recall and recognition of facts, principles, and symbols; and (2) 
more understanding of implications of facts and principles, of perti- 
nent reading matter, and of problem situations. 

The author utilized the group-study versus the lecture-demonstra- 
tion method in a physical science course for general education collage 
students. (This was a Ph. D. thesis undertaken at Chatham Collage. 
The author himself served as tlm only instnicfbr for equated groups 
and taught them by each of the two methods.) 

The same subject-matter topi<s were tau^it, the same visual aids 
used, and the same reading assignments made. Every effort waa made 
to keep the experiment perfectly controlled. Tests were administered 
and the results subjected to extensive ^tistical analysis. 

Ward concluded that the group method resulted in a longer re- 
tained, more-understanding type of learning and in greater expression 
of individual differences on the part of the upper subgroup of the 
students. Further, the lecture-demonstration method resulted in 
gpreater expression of individual differences in a longer retained, more- 
un^rstanding type of learning on the part of the lower subgroup 
of students. Tliis me^od also resulted in greater ex^r^aion of indi- 
vidual differences in a longer retained, recall-recogmtion type of 
learning on the part of the lower three-fourths of theqj^drats. 

The author niggests which method might be used if certain out- 
oomee are desired. For example, based on conclusions from his study, 
he recommends that the group, method be used if the purpose is to ' 
preduQe greater expression of individual differmices or more under- 
stending-type learning of srib’ imong the most , capable 

students. 


Calhoun (C 6) and others conducted “an experiment in student- 
centered histology teaching.” The authors first made a study of the 
literature. This indicated that conventional teacher-centered classes 
are hot conducive to optimum development of student ability, re- 
sponsibility, ai^ initiative.. Section of stmlentsi each led by a gmdu- 
ats student, who was a member of the class, were assigned a subject 
to itady by t hwnsal vea. L^ctores wme hy the graduate studuhs 
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and other membefs of the das. The regular inatrodon on 
hand to help if they were ne^led. The effedirenes of this mdhod 
was dudied by means of a quedionnaire. 

The authors conduded that the dudent lecturers were poor speak- 
ers, tlie lectures were too bookish at times, the dudents had a tendency 
to lecture on details,, and they lacked adequate preparation. Tlie 
dudy showed that more supervision in group planning was indi- 
cated, altliough tlie projed did inspire and increase class inters and 
made for greater clais unity. It also devdoped respomsibility and 
self-confidence in students and the dudents became better at^uainted 
with one another. 

leib (C 14) conduded a dudy pertaining to “demoiMtrations in 
physics with simple equipn^t** The author’s purpose was to sug- 
ged some donondrations wliidi may make physics more intera^g 
Without neglecting its intelledual aspects. He introduces well- 
oonsidered demondrations with a defaise of pliynes. The autltor’s 
demondrations, althou^ well chosen, are not original, and his discus- 
sum of tlmm is analjrtical. His plea for improvement of physics 
indruction through experimentation in the laboratory suffers some- 
what ^from lack of refinement in tlie suggestions he makes- for 
denumdrationa. 


StudU* Rdat^ to Toaeher Trainimg 


fe-. 
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Weavo* (O 87) cmiducted a dudy of the ‘*plaee of the college in 
training teachers to educate dndoita and the general public in con- 
servation.” The aut^r pn^odieatee in the inters of biXMd conser- 
vation-education prograoM at the college level His criteria are ap- 
parently derived from his broad expwimices in «mservati<Mi education. 
The approedvlm advocates tt whtdamm and he reeomiMnda intmsive- 
iMSB for ooi!»ervativfl pit^;rui& Operatimml principlm are enunci- 
ated ,and the work app^rs pradu»l without detailed specificity. Any- 
one interested in this area might refer to the n<mdb^ for Teaching 
of Oon^rwUkm and Reeomree Uea, prepared Richard L. Weaver 
for the National Conservation (kmunittee of tl^ National Association 
of IMology Teachers in conjnndioii wkh the Amoican Nature Associ- 
ation (Washington^lOM). 

nfu 

Mallinson and Sturm (C 18) conduded an Invedlgation to deter- 
mine the l^ioice bac^;round” and knowledge of the mb^d matter 
posisi Me d by ehantzitary stodent teat^an, to detenniae thair attttadat 
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and opiniiw coiuiarmng certain upecta of their preparation for 
tMching science, and to compare t^ieir subject-matter'>conipetence in 
^enoe with that of certain groups of high sdiool pupils. (Tliis study 
is reported in the firrt; part of t^ section, devoid to research at the 
elementary school level) 

Nelson (C 22) oondnc^|^a ^dy to determine competencies desir- 
able or necessary for aciSff teachers in their first years of work (as 
seen by the admini^rators who hire them) and for beginning science 
teachers in Illinois. (This study is reported in the second, or 
secondary school part, of this s^ion.) 

Hamiish (C 11) has reported a rtatemcnt, in part historical, setting 
1 forth the “guiding principles and procedures” of the American Chemi- 
cal Society 8 attem[^ to improve the training of chemists in American 
alleges and universities through siting up minimum standards and 
lists of approved institutions. The article presents a sliort table giving 
the relative number of chemistry Ph. D.’s in schools reporting each 
year from 1950 through 1955, who did their undeigraduate work at 
schools not <m the ACS lirt. 


Studies Sslatsd to Testing and EvaluaHon * 

Mallinson and Buck (C 19) report “an investigation of the New 
York State Regents Examination in Science.” The problem was to 
mvestigate the attitudes of certain science teachers from New York 
State toward ^e R^ents examinations in science and to analyze and 
evaluate certain characteristics of the R^nts examinations for biol- 
ogy, chemistry, earth science, and physics, for certain years. 

The anthors’ method and techniqiM involved an analysis of re- 
spond of pupils who obtained passing grades on various R^nts 
examinaticma and an analysis of statistical methods and questionnaires 
to teachers. The study is divided into 8 sections, with a statement of 
the problem and the methods and a summary for each of the first 7 
sections. The eighth section contains the summary and <^nnfliHdon ff 
for the entire study. ^ , 

The auUuns oonduded that most tMudien fiivor the use of the ^ 
Regents exan^tions and- feel that the New York State science 
program is the better for their use. However, a frequent criticism 
of the tea^|ier8 was that the ex a min ations do not measure growth in 
the so-called general education objectivee. The authors also con- 
oloded that the Begsnts soieiice examinations are far more reliable 
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and valid t^an taacher-made t^s in the Mme area and continue 
favorably with commonly used standan^iaed examinations. Further, 
the authora concluded that the Regents examinations are not preju- 
diced in the interests of any particular group within New York State 
and tliat a better system of scoring the examinations is not indicated. 
The study did not elicit any evidence that the examination syrtem 
in New York State sl^uld be abolished. 

Randall (C 27) reports on a “general science testing program.” lie 
sought to determine how ^ienc» teaching in Louisiana high schools 
could be improved. Ho prepared an examination containing items 
on astronomy, chemistry, g«ilc^, meteorology, and physict, which was 
mailed to science teachers and used in a competitive testing program 
involving 226 selected pupils from 90 public and 3 parochial schools. 

The author concluded tliat the number of schools and the number of 
pupils had increased since the previous year and that the percentile 
scores had also increased. The increases, he concluded, suggested an 
improvesnent in subject-matter mastery in g^eral science as well as an 
improvement in teacliing by the general science teachers. The study 
did not include any items in the biological scienoee. 

Carlin (C 8) conducted an “investigation of grades in the first 
semester of college chemistry attained by students who had had a 
course in chemistry at the high school level and students who had not 
had such a course.” His study was concerned with whether a course 
in high school physics contributes to sunless in first-semester college 
chemistry, whether there were diflerences in grades between the sexes, 
and whether there was a correlation betw^n Q and T scores attained 
■ on the American Coimcil on Education Psychological Examination 
and grades attained in the first semester of college chemistry. 

Carlin used the matched-pair technique with 800 subjects, 400 with 
high school chemistry and 400 without. Within each of groups 
he set up subgroups of those who had taken high school physics and of 
thc^ who had not. He converted the coefficient of correlation to i and 
compared it with the critical ratio at the 1 -percent level of significance. 

The author’s findings and conclusions were that the 400 students who 
had take^ high school physics excelled the 400 who had not, indicating 
that a course in high school physics had a positive influence on graded 
attained in first-semester colle^ chemistry. Students who had taken 
high school physics ( 126) , but not high school chemistry, surpassed the 
126 who had taken neither high school physics jier chemistry (critical 
ratio of 1.62), indicating that it cannot tw stated with confidence that 
a sig^ficant difference exists. The 08 who had taken both ph^k» 
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Mid ( diflinis ti'y in high iohoolf (xunpEred with 98 who had takan ch®m* 
i^xy but not phyfflcs, *howed a critical ratio pt 2.60 in faror of the 
former, which wag gignificant at the 5-percent lerel. 

The foregoing was the first gignificant indication that there is a 
canjover of knowledge and skill from high school physica to the first 
semester of' collie chemistry. Students who had taken both physics 
and chemistry in higH school were found to be far superior to th(»e who 
had taken neither, with a critical ratio of 6.136. Also, students with 
both high school chemistry and physics were superior to tbow with 
high school physics but not to those with high school chemistry (critical 
ratio 4.126), which was significant at the l-perc«nt lerel. 

The results of Carlin’s inrMtigations indicate that a course in high 
school chemistry contributea more to succew in first-semester (mllege 
chemistry than a course in high achool physics. However, the results 
also indicate Aat rtudenta who had talmn a <^ree in high school 
physi(» were more suu«»ful in ooll^ chemi^ry than thoee who had 
not it. These differences were found to be about the wboi 

scores for male and female were <»mpared separately, with no signifi- 
cant difference in achievement as between the sexM. Positive cor- 
relations were found between grades attuned in college chemistry and 
both Q and T scorns on the American (Mmcil Psycliological Examina- 
tion, with greater correlation for th(»e who had taken high school 
chemistry. F urther, the relationsliip between grad^ in first-semester 
ooll^ chemistry and Q and T scores wss closer for males than for 
females. 


StudUi Related to ElemenU of tha ‘^cientifio Method 


Rmdall (C 26) amducted “an experimental study on the teaching 
of scientific thinking in a physical science course.” He undertook to 
determine the extent to which a random group of 86 nonscience majors 
in a first semester nonlaboratory physical science course (with demon- * 
strations) developed their critical evaluation of scientific articles as 
one means toward developing ability to think scientificaUy and compre- 
hend and profit from the factual information contained in the course. 
The experimenter used standardized tests and two which he himself 
devised but did hot include in his report. Since he had no control 
groups his conclusion that the lecture-discusslbn-demonstratioD metliod 
wapjiffective has a limited validity, if any. 

_ Bender (C 4) conducted a study summarizing “articles concerned 
with concept formation.” Her purpose was to provide ready access 
to what is known about concepts and to .stimulate research efforts in a 
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field ifTMtly in need of a rtndy. She obtained referenoea from the 
Readers Guide and the Intematianal Indew. Her findings were that 
the modified memory type of experiment is perhaps the mort; fr^ 
quently used in studying concept formation and tlint some feel that 
the concept originates as a hypothesis which the subject then procwds 
to test while others feel that it is the result of pure atetraction. Certain 
factors, such as efforts to leam, pereonality type, motivation, sex, and 
the requirements of the task, appear to influence the subject in tlie 
learning of concepts. Among amcepts t^ted, a certain hierarchy 
seems to exist : Concepts of concrete obj«!ts are learned firrt, followed 
by tho» of spatial form, color, and number. 

Navarra (C 20) reports a study of ‘‘the development of scientific 
concepts in childhood” in terms of a young child's interaction with 
the physical phenomena of his environment Although not reviewed 
in the o)llege-level section, this study does have some implications for 
college-level science educators interred in elements of the scientific 
method. 


Studies Related ta TewthooJes and the Production of Texts and Syllabi 

Arthur (C 2) compiled ecmntific information related to activitioi 
in industrial arts and produced a sourcebook for teachers of science 
and industrial arts. Topics included were heat treatment of mpiAlo, 
electroplating, fluorescent lighting, ceramics, selection of wood, auto- 
mobile brakes, and silk-screen stenciling. The author suggest^ 
methods for helping students locate and leam the facta. 

Snnner (C 8) studied the program of the Michigan Department 
of Conservation to determine the factors of behavioral change in- 
volved in achieving program objectives and publidied his findings in 
tlw form of a syllabus indading djjedivee, emtent, and procedures. 

Major (C 17) conduded a dudy to determine the ‘‘rMdd>ilitj of 
college general biology- textbooks and tl»e probaUe eflfect of r^d- 
ability elements on com prehension.” The FlMch mding-eaae for- 
mula was employed to estimate probable grade level of rMidability. 
Two hundred iiteral-Orte freshmini (nc^ likely to major in the bio- 
logical sciences) were randomly divided mto three groups with ap- 
proximately the same number of above-average and below-avsrage 



ing material were oonaidered significant at the 5-percent level of con- 
fidence. 

The Investigation involved three phas» : 

1. Ths rmdabmiif elements and oemempt load in a biology pauafe.— 
Three fnded i»na#M were cxmatrncted with eetlmeted rMdnblUtr at 
the level* of *pproxim*telj the 10th, 12th, Nod Hlh fr«de«. The 
TocabaUrjr loed we* redoced abool two trade level* bjr deflolUoa, 
examploi, or context Beedablllty of the third {WMce wa* reducM 
two additional trade level* hr eltmlnatlnt the leaa rew ntlil bloloflcml 
tormlnoloty, 

2. General biology teats . — A nadonwlde eurrej wm* coodocted to deter- 
mlM ten teneral bioloty text* moet extenalveljr oaed and preferred 
dorlnt the academic rear 1D6A-54. 

3. The rmdabUily elements of nnmber of syllables per 100 teords and the 
aperage nnmbm- of words per senlenee . — The finding and coDclufloD* 
were reported by phaae*^ (a) Oomprebenalon Improved altoldcaintly 
when the vocaboUry load wa* rednced and when both vucaboUry and 
concept iMd* were reduced, (b) The umiq readability acore for tte 
hooka ranted from the lower qoartlle to the median In the difficult eate- 
tory. Above-averafe attHlenta will probably encounter difficulty with 
82.8 to 70^ perc«Jt, and averate atndenta with 5S.6 to 84.7 percent, 
of the readinf anlrnmenta. (c) The difficult paseafee occurred at ' 
the biNUnoInf and In every cKImf aection of Om textbooka (d) 
Increaaed rMdabillty reeulted from reduced aenteoce leofth and re- 
dnced ayllable count The comprehension of above-averafe aod averate 
itudents luipn)ved altnlAcaDtly when the readability waa Incr^Md by 
one trade leveL 

This studj seems to indicate that the general complaint of students 
about the great extent of .^‘technical” terms in biolc^ texts may be 
true 


Studidd Rdatdd to thd Chamctdrutio* of Scienod Students cmd 
Soidntists 

StraosB (C 88) oondoeted a study on “background traits of a group 
of biological and social scientUts.” The subjects were males who had 
earned the Ph. D. d^free within 2 years before the interview. Thirty 
biological scienti^ and 80 social acwntists were interviewed. Tlie 
mtarriew oonsirted of 81 semiM^ructured questions and required 8 to 4 
hooneech. It was recorded <hi plastic disks and transcribed verbatim. 

Analysis of the interviews yielded 134 durters of eateries to serve 
as the Imsis for coding. A rsMlability check of the coding produced 
75 percent agreement. Tabulation permitted a comparison (using 
the Chi-sqnars taehniqiie) between th» bioli^i^ and social sciaotists. 




subjects were InterrieTred. TTie findings and the genaratuaticms 
from the ^ilot study indicated no evidence for “scientific aptitude.’’ 
Drive was, the mcwt apparent factor in achievement, one part coming 
from academic interest. Another and more important part was prob- 
ably stimulated by frustrations in early life, family tensions, or phys- 
ical and social handicaps. A difficult childhood was common among 
the men. As children' many .had been avid remleia. Only a few 
had been outstanding high school students. 

College ejcperiences played a greater role in stimulating interest in 
scientific work. Many were mor^ successful in college than in high 
, school, and then did even better in graduate schooL The biologists 
required an average of 8.7 years and the social scientists lii.6 years to 
complete their graduate work- 

in the opinion of the subjects, scientific research does not require 
exceptional intelligence. They placed much emphasis on interest, 
perseverance, and other traits and a high value on a broad, well- 
rounded education before specialixatiou. 

There appeared to be few signifiamt differences between the bio- 
lopcal and social scientists. Tlieir personal traits seemed characterc 
istic of scholars in' general. There was strong evidence that th^ 
biologists had been inconspicuous but determined nonconformists ih 
their boyhood, that they became iwterosted in their field at an earlier 
age, and that they J^ad more suble' interests. The social scientists 
appeared to be mor/sensitive to people and to interpersonal relations 
and more willing to conform. They reoaiTed better marks and partici- 
^ pated more freely in extracyiTicular high siehool and college activities. 
Most of the men were happy in their work at the time of the interview. 
Nearly all the scjpntists reported that they enjoyed being with people 
and that they participated freely in social activities. 

This study, like others, endeavors to locate future scientists, ap- 
proaching the matter through hindsight, as it were. It suggesto 
possibilities for future investigations and rai^ the question as to 
whether results woul^ be similar for nhamiat s, physicists, astrooomerB, 
anthropologists, psychologists, and tbs like. Would older scientists 
have different traits! The results of Strauss’ study should be 
compared with s imil a r studies in this field by Brandwein, Woodbum, 
and others. 
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pared showing grades in high school chemistry, Algebra 1 and 2, 
chemistry entrance tests scores, the ACE and L scores, ACE ari^me- 
tic fundamentals scorei, grade in Chemistry 17 (a remedial mathematics 
course),- Chemistry LA, and also other pertinent facts. Correlations 
were’ run according to the method outlined in Crorton and»Cowden, 
Applied Oeneral Statisticg (Prentice-Hall, 1939). 

The findings were that none of the factors considered was of prog- 
nostic value. However, several of these factors gave sufficiently high 
correlations to indicate that they are important, (In this-connecti(m, 
the reader is referred to two reports of MacCurdy’s study (C 16) 
(C 16) which deal with the characteristics of superior science students 
and their own subgroups.) 


MisoetUKieoue Studiet 


Oakee (C 23) presented a paper at ‘the 1966 NARST meeting, 
^'Elxplanations by College Studenta,*" which analyzed tlie original 
writings of luthoriti^ on definitions and usage, and th^ dztravagant 
claims of both scientists and students in support of their explanations 
for scientific phenomena. The paper is an excellent approach to 
(semantics, taxonomy of wprda, and scientific phenomena. It is replete 
with examples of aUtements made by sTudenta in college classes which 
reflect animism, personification, moralistic overtones, needs of the 
organism, non sequitur reasoning, causation of evolutionary and other 
behavior, teleology, and the like. 

Oakes summarizes and recommends: (1) College students use ani- 
mistic, anthropomorphic, and teleological concepts to amount for 
biological phenomena, and certain of their explanations are “pre- 
scientific” and “Aristotelian” and involved overlapping and duplica- 
tion among the varieties enumerated above. (2) ^ientific attention 
to this aspect of scientific thmking might well be takm into account as 
one criterion for selecting textbooks. It would be valuable to develop 
olassroom procedures deigned to remedy and replace these teleologimd 
explanationa If (as seems to be true), teleological, animistic, anthro- 
pomorphic, and other “unscientific” .explanations are widespread 
among students, then perhaps i^rrecti^ these misconceptions might 
well be made oi^ of the objectives for biological scienoe courses. 


tf 



Section II. Interpretations and Reeommendirtions 


T he committees that provided the material upon v^hich tiiis 
report is based surveyed all i®ues, from July 1066 to July 1966, 
of about 60 journals which from time to time have carried reports of 
research in science education. In addition, the committees reviewed 
the al^tracts of unpublished studies in sci^ce education collected an- 
nually from more than 1,200 institutions by the U. S. Of- 
fice of Education. 

Although the search was as meticulous as possible, no claim is made 
that every study was located. Both the National Association for 
JKeseaich in Science Teaching and the XT. S. Office of Education are 
committed to a policy of profiting by the work of previous com- 
mittees in an attempt to improve the techniques and the product. ^ 
The interpretations and recommendations in this section are those 
made by the chairman for each level and the general chairnmn Thus 
to some degree they may reflect pc^nal bias, although every pre- 
caution was takra to insure objectivity. For any errors of judgment 

or for interpretations, the general chairman accepts full 

respoi^ibility. 


ElemenUny School Level 

% 

Dean George Mallinson, in an earlier survey of tlm .research in 
the area of elementary sci^i», has pointed out that ovm- the past 
few years the research at this level has generally sought to 
the extent to which the success of a program of scieime in^mction in 
elementaiy aehool d^iends upo&-^ 

L Tto tralnlof tbm tMelim, 

2. The deeigii of thecanicnlaoi. ^ 

& The iiMiUiode of eralnattmL 
4L ^e use of tot hooka 

n 

Science as general science rather than the Mrlier nature study has 
now been a part of the elementary school cnrriciilum for umre than 

SOyears. During this penod a ]a^ body of eocpeiiential knowledge 

and a oonmderable body of sound research have aocnmulated to 

prodnee reliable guide lines for Attars piogxesa 
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However, with all the available infonahtioii, no buie statue stadiee 
have bron carried out and repeated at intervals. Thus, it has been 
impdesible to state authoritatively that there are any trends in elenien* 
tary seiehce. In the current survey, however, two basic status studies 

Vincent (E 19) and the other 1^ Goehring 

What is needed is a series of broad status studies, carried out gen- 
erally at tlje national level and applied to more specific iuuee at 
State wd 1(M^1 levels, tp provide a rebable basis for curriculum re- 
vision in elementary science and curriculum planning at the secondary 
level. With the current proposals for a 12- or 14-ySar sequence in 
science offerings, it beconies very important that more exact infor- 
mation about the prognm in the elementaiy school be made available. 

Curriculum planners in elementary science are constantly faced with 
the ne^ for more information concerning the grade or level place- 
ment of science co^pta Two studies, one by Lowheed (E 7) and • 
the other by Malign, Sturm,' and Mallinson (E 8), throw some 
further light on this di%ult problem. The critical need for full and ' 
complete information on the problem might weD make of it a topic 
for some directed team research. 

Several studies are reported in this survey which relate to the 
learning of science principles and concepts. Among thesSluc studire 
by Murray (E 11), j^ults (E 16), and Knight 6). Each has 
no doubt made a significant contribution to the literature. Howenyr, 
this again is an area in which there is a need for planned and ceb- w 
certed team researcli to provide a more reUable basis upon which to 

plan the learning experiences of young people. 

Th^ appears to be a grovTing concern over the country about 
the dpriopment of scientific attitudes and the abilities of critical 
thinking or problem iilving. The elementary school offers a pe- 
culiarly important place where the development* of these leas »* ng » Mt 
outwmes should be started. In this survey three studies are reimrted 
which deal with these important aspects of science instruction: one 
by Atkin (E 1), one by Rimoldi (E 14), wd one by Stefaniak (£ 18). 

Among the studies which the c omm ittee recommends in th e area 
of, problem solving are the following: (1) Techniques for 
up problems to bo solved in a unit of work, (2) learning experiences 
to help pupils identify probleins, (8) processes involved in proposing - ^ 

and testily hypotheses, (4) learning experiences to help pupils aval- • 
uate evidence, and (5) learning experiences to help pupils draw eon- 
clusisQs from data. - J 

This survsy reports two studiea related to sdenos instruction I 

retarded pupils, one by Onstead (E 18) and the other by Boss (E 14): 

There no doubt are very important contributions to the litareture be- 



cause the problem of the retarded child is an eveivpreeeint one. How^ 
ever, all the current concern over the need to identify and provide for 
the child gifted in sciei^ a^d the realixation tha^; this ^ould be done 
in the middle and late elementary grades, may signify that some re- 
search studies should be devoted to these problems, too. 

The important problem of young diildrw’s science interests has oo 
eupied a considerable body of r^earch. No Judies in this area are 
reported in the present survey, however. Increasing concern that chil- 
dren with science potential should be identified early sugg^ts a ne^ 
for a series of more refined and searching studies of the factors which 
motivate these children. 

Studies related to teacher training have been reported by Mallinson 
and Sturm (E 9) and by Chamberlain (E 8) . The current shortage of 
science teachers and the current nationwide prc^^rams to improve 
science teachers might point to the need for a searching examination 
of our teacher education programs. And, despite a reasonably large 
accumulatioh of research in this area, there still is a need for much more 
research in the problem of providing improved tea<her ^training in 
science. 

Several studies in this survey are relate to the elementary science 
textbook. When one considers that perhaps the most unique thing 
about science learning is the experiment, it is snrprimng to discover 
that no studies are currently reported whi(di deal with the experimental 
exercise as a learning situation in elementary science. 

At the junior high school level the individual experiment has almost 
disappeared in favor of the pupil and/ot teacher demonstration. 
n Children in the elementary school should have a rich experience in 
direct learning through experimental exercises. To accomplish this 
end there may be a need for a group of studies on the most promising 
experiment techniques for various levels of the elementary ^ool and 
on the closely allied problems of facilities and equipment. 

Although many of the studies on the elemental^ science level re- 
ported in this survey are to some extent incidental, fragm«itary, and 
peripheral, certain of them are of major stature and have made signifi- 
cant contributions to the literature concerned with basic major prob- 
lems of science teaching. 


Few, if any, general fratores of the research reviewed by the com- 
mittee differ from those cited in former summaries of reviews. The 
volume of research is rtill disproportionately low; many areas o^ 
ondary science education remain either virgin territory or liu! 
plored; the results of even the best studies are dimmed hj lack 


Secondary -School Level 
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ovwrwching roiearch plan ; a turpriaing nnmber of studies were poorly 
designed (and therefore omitted from this review) ; and inoet of the 
invretigations dealt with securing information on existing conditions 
in the field. 

Obviously, the questionnaire is the most popular investigative device 
among researchers in eeoondaiy school science. Where precise de- 
acription is not material to a valid ocmclusion, where items can be 
answered without the possibility of pereonal bias (unless, of course, 
such bias is sought), and/or where the number of returns permits a 
high order of co^denoe ip the generalizations derived, then, without 
doubt, the que^onnaire can be an efficient instrument of research. 
Too often, however, none of these conditions prevail, and no measures 
are taken to correct for the resultant distortion. 

The gwt incidence of status studies is unquestionabiya reflection 
of uneasiness felt by most educators over the heidth pf science education 
m all its aspects in the public schools. Perhaps it is inevitable that 
these studies have come after the critics have had their say, rather than 
before. The re^ts of some surveys may be reassuring to the prof» 
sionals, but the intelligent layman will remember only the misgivings 
of the detractors. 


(^neral science, biology, and chemistry appear to have claimed the 
attention of investigators equally. Only physics seems to have lagged. 
Perhaps the recent emphasis on reorganizing high school physics 
courses will create an interest ultimately leading to increased research 
in this field. 

College Level 


Some of the current research in science education at the coUege 
level serves to foster development of new. and important practices. 
At the same time, much of it is concerned with sustaining and strength- 
ening present practices. Altho^h it is difficult to specify the 
to which research in any area influences another area, there is some 
evidence that education research at the college level is n<^ closely 
coordinated with the practice, or vice versa, as it might be. If this is 
true, it may be caused by a lack of “readiness” to accept available 
research studies in science education or perhaps by a lack of informa- 
tion about them. 

An analysis of the current studies indicates a somewhat disconnected 
approach to research in science education at the college level. If one 
used the stupes reported in the present survey as a base for develop- 
ing a definition' of college-level research in this field, he would be 
struck by (he concern for curriculum revision and methodology. Of 
M»e 48 studire reported on the college level, 24, or half, are specifically 
oonoemed with curriculum and methods. 
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Without doobt) ouTnoalmii uid methods ete importent end justified} 
but e question srisee : Whet studies ere needed on other besio problems 
releted to science teeohing st the college lerel t 

With ell the ectivity in retreining science teachers through work- 
shops end institutes supported by Federal funds, industry, and other 
agencies, {wrhaps it is e little premature to expect that the research 
would reflei^ some interest and concern for the nature and effeotivenera 
of these programs. " ' 

A oonside^le proportion of the coUege-leTel research covered by 
this survey is concerned with identifying certain objectfyes stat^ as 
principles, generalizations and concepts, or with reporting variations 
in methods of presentation and/or evaluation. A considerable amount 
of the data comes from opiniima, social statistics, and other sources 
that tend to be secondary in nature. Too few imaginative designs 
and techniques are utilix^ and seemin|^y there is too little concern 
for a basio philosophy of science education ot of value determination 
in the use of statistical procedures. 

My three studies are reported on scientific method or problem 
solving, yet perhaps at no other time in the history of science educa- 
tion in America has there been greats need to use the scientific method. 
This is particularly true at the elementary and secondary levels. If 
yoi^fteople are to be trained to use the method of problem solving, 
their tSachers must understand it and be able to use it themselves. 
Teachers are prone to teach as th^ have been tan^fit. Thus, it seems 
important to point up the very great importance of, and ne^ for, 
much m<m research at the college level ip scientific thiniring and 
attitudes. 


The effective use of the laboratory in college science has beei^ an 
almost perennial problem reflected in the research literature. The 
current review includes a few studies related in one way or another to 
the laboratory. This appears to be an area which could become the 
focus of some searching studies in how adequate and effective present 
laboratory programs are in teacher training in science. ' 

This Borv^ of research in sdenoe edncation at the college level 
seems to indicate a need for greater emphasia on acti<m and coopera- 
tive research to develop now designs "for expsrimonti, especially in 
nniversiti« that grant hightf d^irees. 

It seems eyidmt that coUeflp facilities ars coneemed with the 
problem of individual diffetenoss. Beseareh appears to indioata a 
rather wide awareneas of the^:^ range of abQitiea or trai^ ia- 
vealsd hy class perfonnanoe rsoords. Section of ainlify 
oontinnes, however. This is reflMffSd in studisa now underway jp«w 
taining to tuo^ and predkyon of aucosea, bf Jtodexits with- 
out certain hig^ adiool or other axperieims in the 'soienoe^ or to 
attributes alleged to be eharacterifltica of loiantiato J 
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Eeaeftrch in gcunne ednontnni at the^ooUege leval appea/s to be in 
need of redefinitioiu Thia ccnnee from Um belief that observing bit- 
by-bit Md day-to-day conditiona under wbieh learning takes place 
requirM an approach quite different from the approach required by 
observing diange in ^dent behavior. More specifically, there appears 
need for investigations of the following kinds of conditions: (1) 
Where present behavior is maintained or elinunated; (2) where now 
behavior patterns are acquired; and (8) whore continuing behavior is 
developed, shape^ structured, and maintained. More fundamental 
concern for experimental determmatinns and verifications also appears 
tobeneeded. 

Xhe research at this level, true also at the elementary and seccmdsry 
levels, reflects concern over many basic issues. However, the approach 
to these problems is somewhat fragmentary and lacks a planned and 
concerted attack , through which sufficient data might accrue to solve 
the problems. Perhape this situation demands anipo — MSBitain f 

of the issues, a clear definition of spedfio problems, and a car^nUy 
planned frontal attack through individual and *»ain research. 


m 
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This fifth annual review of the reeearch in science teaching repro- 
aents many man-hours of oonscientions labor ly a group of devoted and 
competent people. The general oluurman wishes to pay a tribute to 
this group and to bxpress appreciation for the fine cooperation which 
has prevailed tl^roughout the undetiaking. 

The National Aseociation for Reeearch in Sdenoe Teaching baa 

fonniUMrf . lirt of OTta^» which li«w b«m ii»d the nuiom brol 

comndtt^ over the years ih selecting the Studies to be reported. An 

examination of the criteria will reveal. that they are rather rigorous. 
On the basis of these criteria^many studke were reacted this year, as 
m previous years. 

However, when one examine e the reeearch report over the past 
wroral years and the enrrent review, with theee criteria in mind, he 
finds so^ evi^ioe of e need to improve the criteria or to apply them 
more riprously to the studies examined. Some of the studies, both 
in previous reviews and in the curteut one, do not measure up to a 
standard that would add stature to jessaieh in soienoe education. 
Neverthelem, the l ymmitt ee decided to sntnmarite a number of t hem 
m the preeent npmt because thqy describe teohnSques that 
prove us|ri!ul for iMiua studks.' 

made Is particularly importaot at thia time because 
ontahi outride gr^^ have qmitioDed the value of mnie of the 
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ment of aci«Qce teaching. The penonnel concerned with these pro- 
grams depend, to a Urge degree, upon the reiearoh gronp in science 
education for basic information to provide sound guidance for their 
undertaMngs. 

The science education fraternity, and more especially that segment 
of it set apart because of its concern for research, must be very certain 
that the product which it reports can bear up undw the scrutiny of 
others in our field and in reUted fields. 

A considerable number of studies reported in thk survey can con- 
tribute to this end. Others among them add little, eithu* to tha Mature 
of our profession or to the improvement of l yie n ce tAirhing 

The overall pattern of the surrey reveals oonoentradon in some 
areas and a paucity of research in other areas. Some of these areas of 
concentration are of relatively little concern when one views the long- 
range improvement in sdenoe teaching. Since tbiw point ha* hew 
speoifi<^ly discufflod in earlier — it does not heed to be elabo- 
rated further. 

On the other hand, some of the areas having relatively liUle reported 
research appear to be of greater concern, both as to current problems 
and problems with Iqpger range implioatiotm. A matter of critical 
importance, this should enlist the serious consideration of science edu- 
cators everywhere, particularly those who are in a position to direct 
research. 

Another aspect of the broader pattern of reeearch needs considera- 
tion. At present, considerable i(‘^tention is being directed toward the 
problem of on-the-job reeearch for science teachers. Some who are 
developing plans for this type of research hold the belief that part of 
' it could veiy well be done by teachers and directed toward solving some 
of the troublesome problems that now confront scienoe teaching. 

Granted that such a program of leeeardi could be effected, it would 
be of only limited value if each research worker merely picked up 
some small, fragmentary problem and pursued it narrowly. The 
program could, however, make a signifie(>nt impact on the general 
improvement of science teaching if it were planned and carried out as 
a frontal attack on bro^ basic issues with teams of investigators work- 
ing on a definite pattern of studies. 

Many millions of dollars are being spent annually to improve science 
teaching in America. Some of this money comes from private sonicee, 
but most of it comes from the S*ederal GovemnMnt. This 
the Congress of the United States and an imposing segment of mw 
industrial economy believe that science teacldng in this co^faqf is 
exceedingly important It. implies farther that they have disoi^med 
ordeal problons currently facing the Katimi, which sre deqp^ rooted 
in oar science t esc hin m and that thmr are dstennined these proMems 
riiallbesolved. 
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The science teaching profession is confronted with a challenge of 
no mean proportions. We must assume the leadership and direct 
the programs in such a way that the teaching of science will be up- 
graded to the level that is demanded. 

Basic research, is of greatest significance in the long-range improve- 
ment of science teaching in America. Without it, little progress can 
be made. The peripheral and fragmentary nature of some' of the 
current unpattemed research in this area will not produce the sound 
data needed for the present and long-range improvement of teaching. 

More urgently right now, perhaps, than at any other time in the 
history of science teaching in America, high-level groups need to 
act concertedly to do the following : 

L Determine tbe beslc laaoee, problenw. and need for Improvement (both 
pr^ent and long range) in adence edncation. 

2. Critically eTalna^ presently avaiUbla rm^rch findings iir terms of the 
issn^ problan^ knd needs c^fined aboTe. 

3. D^ignate areu of sdrace teaching where more r^nrch is imed^ 

4. Design a comprehensiTe plan of resMrch in science edncation to boIts * 
tte basic i;woblmna. 

6. Fommlate a program of cooperatiTe tMm res«ut!h which can carry 
ont the necesmiry atodlea 

As one pha% of such a broad program of studies in %ien(^ 
ing, the TJ. S. 0®ce of Education 1^ now begun the series of Imsic 
status studies listed below. • The m^Qor purpose is to obtain data im- 
portant for the solution of current problems and to accumulate find- 
1 ^ from which trends can be assessed with wme degree of reliability. 
Each of the studies wiU be repeated at regular intervals : 

1. BctmM amd Mathemmtie$ Twokinff kt the PmbUe High BehooU of the 
United Btetee. 

2. geiemce and Mathemetic$ Teaching in the Puhlie Junior High B<Ou>olt 
of the United Btatee. 

8. Boienee and Mathematka Teaching in the PmbUe Hletnentwm BtOiooi* 
of the United Btatee. 

i. Boienee and MatKetnatiee Teaching in the Teacher TrakUng InetUth 
tione of the United Btetee. 
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